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V o l u m e s  1 a n d  2 (conta in ing  a b s t r a c t s  of Con t r ibu ted  
P a p e r s )  a n d  3 a n d  4 (devo ted  t o  t h e  S p e c i a l i z e d  Sym- 
p o s i a )  of t h e  P r o c e e d i n g s  of t he  XVI In t e rna t iona l  Con-  
g r e s s  of Zoology w e r e  p r i n t e d  in  1963 a n d  d i s t r i b u t e d  
at the  t i m e  of the  C o n g r e s s .  It is  a n t i c i p a t e d  t h a t  t he  
r e m a i n i n g  v o l u m e s  will  be pub l i shed  in  1964.  V o l u m e  
5 will  conta in  a g e n e r a l  accoun t  of t h e  C o n g r e s s ,  i n -  
c luding  the  list of its m e m b e r s .  Volume 6 will  con -  
t a i n  the  p a p e r s  of t h e  P l e n a r y  S y m p o s i a .  

T h i s  v o l u m e ,  n u m b e r  7 ,  is one of s e v e r a l  t h a t  wi l l  be 
d e v o t e d  t o  the  S c i e n c e  a n d  M a n  S y m p o s i a .  
c o v e r e d  by copyr igh t  a n d  t h e r e  a r e  no l e g a l  r e s t r i c -  
t i o n s  on t h e  r e p r o d u c t i o n  of any  of i t s  con ten t s .  I t  is 
r e q u e s t e d ,  h o w e v e r ,  t h a t  t h e  p e r m i s s i o n  of the  ind i -  
v idua l  a u t h o r s  be s e c u r e d .  

It is not  

I n f o r m a t i o n  about  all v o l u m e s ,  excep t  6 ,  m a y  be ob-  
1 t a i n e d  f r o m  t h e  P r i n t i n g  a n d  Pub l i sh ing  Off ice ,  N a -  

t i ona l  A c a d e m y  of S c i e n c e s - - N a t i o n a l  R e s e a r c h  Coun- 
til, 2101 Cons t i tu t ion  Avenue ,  Washington ,  D. C .  
20418. In fo rma t ion  about  Vo lume  6 m a y  be  obta ined  
f r o m  t h e  N a t u r a l  H i s t o r y  P r e s s ,  A m e r i c a n  M u s e u m  
of N a t u r a l  H i s t o r y ,  79 th  S t r e e t  a n d  C e n t r a l  P a r k  
W e s t ,  New Y o r k ,  N.Y. 10024. 

* 
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Science and Man Symposium 

NATURE, MAN AND PESTICIDES 

The Science and Man Symposia were held on three eve- 
nings during the Congress. Each was designed to  ex- 
plore an  important biological problem that besets man 
and to show how biological knowledge can assis t  in the 
solution of the problem. 

The symposium, Nature, Man and Pesticides was o r -  
ganized for  the Congress by Dr. I. L. Baldwin, who 
a l so  chaired the session. 
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I. L. Baldwin 
Spec ia l  Ass i s t an t  t o  t h e  P res iden t  

The Un ive r s i ty  of Wisconsin 
Madison, Wisconsin 

I regard  i t  as a h igh  honor t o  be asked t o  serve as moderator 
f o r  t h e  symposium t h i s  evening. I also regard  it as a g r e a t  respon- 
s i b i l i t y .  We a r e  dea l ing  ton igh t  wi th  a t op ic  of  wide i n t e r e s t  and 
deep s i g n i f i c a n c e .  It is  a sub jec t  on which the  people of the world 
proper ly  look t o  the  b i o l o g i s t  f o r  thorough ana lys i s  and sound judg- 
ment. 

Since the  dawn of c i v i l i z a t i o n ,  man has been engaged i n  a r e -  
l e n t l e s s  d r i v e  t o  a l t e r  t he  environment t o  s u i t  h i s  purposes.  The 
r ap id  growth i n  the popula t ion  i n d i c a t e s  t h a t  the a l t e r a t i o n s  of the 
environment have encouraged r a t h e r  than  discouraged t h e  propagation 
of t he  spec ie s .  However, we have o f t e n  been g u i l t y  of p r a c t i c e s  
t h a t  may b e s t  be descr ibed  a s  penny-wise and pound-foolish. 
c i t e  t he  example of the d r i v e  t o  inc rease  a g r i c u l t u r a l  p roduct ion  by 
p r a c t i c e s  which have r e s u l t e d  i n  massive s o i l  erosion.  P r a c t i c e s  
which r e s u l t  i n  increased  product ion  f o r  a few years  b u t  a t  the  c o s t  
of t h e  l o s s  of t he  s o i l  i t s e l f  have not  se rved  man's own s e l f i s h  in -  
t e r e s t s .  

May I 

Man has nur tured  wi th  g r e a t  ca re  c e r t a i n  species of p l a n t  and 
animal l i f e  which serve  h i s  economic o r  a e s t h e t i c  needs. Man has 
a t t acked  wi th  g r e a t  v igor  o t h e r  spec ie s  which have i n t e r f e r e d  with 
h i s  h e a l t h ,  comfort o r  wel fa re .  However, t h e  l a r g e  ma jo r i ty  of the 
many spec ie s  of  p l a n t  and animal l i f e  have been ignored by a l l  b u t  
a s m f ?  propor t ion  ~f thc h-ar.  pepdat ion.  Portuistely,  there is 
a growing concern,  coupled with p o s i t i v e  a c t i o n ,  fo r  t h e  p re se rva t ion  
of a l l  forms of p l a n t  and animal l i f e .  This e f f o r t  t o  preserve  our 
w i l d l i f e  i s  t o o  l a t e  t o  save some s p e c i e s ,  and t o o  l i t t l e  t o  save 
o t h e r s ,  bu t  an encouraging start  is being made. Undoubtedly man- 
k ind ' s  own s e l f - i n t e r e s t s  have su f fe red  i n  t h e  p a s t ,  and a r e  s t i l l  
s u f f e r i n g ,  because of h i s  ca l lous  d i s r ega rd  of t he  damage he does 
to o t h e r  s p e c i e s  of p l a n t  and a u k 1  l i fe .  

His tory  r eco rds  t h a t  human s o c i e t y  has encountered many d i f f i c u l -  
ties i n  adap t ing  i t s e l f  t o  changes brought on by the advancement of 
technology. During t h e  l a s t  two decades the  expansion of  s c i e n t i f i c  
endeavors and t h e  consequent i nc rease  i n  t h e  accumulation of knowl- 
edge has  been phenomenal. 
new knowledge into materials and procedures f o r  use by s o c i e t y .  Un- 
doubtedly eve ry  major technologica l  advance has brought t h e  promise 

Technolbgy has qu ick ly  t r a n s l a t e d  t h i s  
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of g r e a t  b e n e f i t s  t o  mankind and a t  t he  same time has brought with 
i t  c e r t a i n  dangers and haza rds .  

A few months ago the re  w a s  ce l eb ra t ed  t h e  twent ie th  ann ive r sa ry  
of t he  f i r s t  c o n t r o l l e d  r e l e a s e  of nuc lea r  energy. The s t o r y  of 
t h i s  dramatic development has  been t o l d  and r e t o l d  throughout t he  
world.  For ages man has r e l e n t l e s s l y  sought sources  of energy t o  
r e l i e v e  himself of t he  drudgery of hard manual l abor  and t o  make 
l i f e  more rewarding and u s e f u l .  The demonstration of t h e  c o n t r o l l e d  
r e l e a s e  of nuc lea r  energy f o r  the  f i r s t  time brought t he  promise of 
an adequate supply of mechanical and e l e c t r i c a l  energy t o  meet world 
needs f o r  t he  i n d e f i n i t e  f u t u r e .  

But t h i s  mastery of nuc lea r  energy a l s o  has brought t he  f e a r  of 
t o t a l  devas t a t ion  by the  use of nuc lea r  energy i n  war. It a l s o  
brought t h e  danger of acc iden ta l  r a d i a t i o n  damage, and of r a d i a t i o n  
f a l l o u t  from the  t e s t i n g  of nuc lea r  weapons. Although the  dangers 
a r e  g r e a t e r  i n  some a reas  of the  world than i n  o t h e r s ,  no people on 
the  face  of t he  e a r t h  can f e e l  f r e e  from these  haza rds .  

Contemporary wi th  t h e  f i r s t  demonstration of t he  c o n t r o l l e d  
r e l e a s e  of nuc lea r  energy was the  commercial development of t h r e e  
chemicals.  These t h r e e  chemicals have inf luenced  our l i v e s  f a r  
more i n t i m a t e l y  dur ing  the  l a s t  twenty years  than has t h e  c o n t r o l l e d  
r e l e a s e  of nuc lea r  energy. I r e f e r  t o :  

1. P e n i c i l l i n .  This was the  f i r s t  and probably the  most i m -  
p o r t a n t  of the  r a p i d l y  expanding group of i n f e c t i o u s  d i sease  antago- 
n i s t s  - -  t he  a n t i b i o t i c s .  

2 .  E. This was t h e  f i r s t  r e p r e s e n t a t i v e  of a powerful new 
c l a s s  of i n s e c t i c i d e s ,  and twenty years  l a t e r  i t  i s  s t i l l  t he  s t and-  
a rd  by which newer i n s e c t i c i d e s  a r e  measured. 

3 .  2-4-D. This was the  f i r s t  and i s  s t i l l  t he  most important 
of a s i g n i f i c a n t  group of s e l e c t i v e  p l a n t  growth r e g u l a t o r s  which 
a r e  o f t e n  used a s  he rb ic ides .  

These chemicals and o the r s  of the  same types  r ep resen t  on ly  a 
small  p a r t  of t he  chemical r evo lu t ion  which has completely changed 
our way of l i f e  du r ing  t h e  l a s t  two decades.  Let me remind you of 
the  p l a s t i c s  which package our foods and c l o t h i n g ,  ornament our 
homes, grace  our  d in ing  t a b l e s ,  provide s t r u c t u r a l  s t r e n g t h  f o r  our 
f u r n i t u r e ,  boa t s  and automobiles,  and f u r n i s h  the  raw m a t e r i a l s  f o r  
t he  s y n t h e t i c  f i b e r s  we a l l  use a s  a ma t t e r  of course i n  our p re s -  
e n t  day c l o t h i n g .  Think of t he  s y n t h e t i c  d e t e r g e n t s  which have r e -  
placed soap i n  our k i t chens  and l a u n d r i e s .  Consider the  new the ra -  
p e u t i c  drugs which now work wonders i n  the  t rea tment  of both physi-  
c a l  and mental i l l n e s s .  Remember the  v i tamin  p i l l  t h a t  you swal- 
lowed t h i s  morning and the  v i tamin-enr iched  bread ,  milk and c e r e a l  
which you had f o r  b r e a k f a s t .  
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One could  cont inue ,  f o r  some t i m e ,  l i s t i n g  t h e  chemicals,  now 
couunonly accepted  as p a r t  o f  ou r  d a i l y  l i f e ,  which were unknown 25 
yea r s  ago. 
i n  t h a t  day. 

I n  f a c t ,  sost of the words were no t  i n  the d i c t i o n a r y  

Each of these new chemicals ha6 gained wide acceptance because 
it made an  important c o n t r i b u t i o n  to  man's h e a l t h ,  comfort, conveni- 
ence and weal th .  But t h e  va luab le  con t r ibu t ions  of each of t hese  
new chemicals have n o t  been wi thout  c o s t ,  both d i r e c t  and i n d i r e c t ,  
v i s i b l e  and i n v i s i b l e .  The d i r e c t  and v i s i b l e  c o s t s  have been ac- 
cepted without ques t ion  because t h e  d i r e c t  and v i s ib l e  b e n e f i t s  so 
f a r  outweigh the d i r e c t  and v i s i b l e  c o s t s .  

W e  a r e  concerned t h i s  evening with the  p e s t i c i d e s ,  p a r t i c u l a r l y  
wi th  t h e  newer s y n t h e t i c  p e s t i c i d e s ,  and t h e i r  r e l a t i o n s  t o  the  w e l -  
f a r e  of man and n a t u r e ,  b u t  j u s t  as appropr i a t e ly  similar d i scuss ions  
might d e a l  w i th  the  new the rapeu t i c  agents ,  the  s y n t h e t i c  de t e rgen t s  
o r  o t h e r  new products  of t he  chemical r evo lu t ion .  

With the  cont inuing  use of t hese  new p e s t i c i d e s ,  t h e  pub l i c  i s  
beginning t o  recognize  some i n d i r e c t  and p rev ious ly  hidden c o s t s .  
Unfor tuna te ly  knowledge of the  e x t e n t  and s ign i f i cance  of t hese  i n -  
d i r e c t  c o s t s  i s  s t i l l  fragmentary. Basic knowledge of t he  i n t e r a c -  
t i o n s  of va r ious  forms of l i f e  on each o t h e r  i s  l ack ing  i n  s u f f i -  
c i e n t  d e t a i l  t o  enable  t h e  scient is t  t o  p r e d i c t  with accuracy  a l l  of 
t h e  i n d i r e c t  e f f e c t s  o f  t h e  use  of t hese  new p e s t i c i d e s  on t h e  sum 
t o t a l  of l i v i n g  organisms, p l a n t  and animal,  l a r g e  and smal l .  

Where knowledge is l ack ing ,  op in ions  occupy the  f i e l d .  

It is r e l a t i v e l y  easy  to determine whether i n s e c t s  have been 
k i l l e d  on a f i e l d  which has been sprayed wi th  a given formula t ion  of 
a k n o w  i n s e c t i c i d e  a t  a known rate of a p p l i c a t i o n .  It i s  f a r  from 
easy  t o  determine whether wi id  animais,  b i r d s ,  f i s h  and -is, 
have been k i l l e d  o r  t h e i r  reproduct ive  powers impaired by t h e  in -  
s e c t i c i d e  which w a s  used on t h e  f i e l d .  The complex food cha ins  ex- 
i s t i n g  i n  n a t u r e  render  t h e  problem a l l  t he  more d i f f i c u l t .  Nor i s  
i t  easy  t o  a s s e s s  a l l  of t h e  poss ib l e  e f f e c t s  on human h e a l t h  and 
wel l -be ing .  

C e r t a i n l y ,  t h e  p e s t i c i d e s  has  been a ve ry  im- 
p o r t a n t  f a c t o r  i n  
mendous increases 

r i c u l t u r e  to achieve its tre- 

C e r t a i n l y ,  t he  p e s t i c i d e s  i n  var ious  areas 
of the world has p 
of d i s e a s e  t ransmiss ion  and i n  sav ing  m i l l i o n s  o f  l i ves .  

le va lue  i n  breaking t h e  chain 

C e r t a i n l y ,  t h e s e  new p e s t i c i d e s  are pOiSOnOU6 to humans and 
t h e r e  has been acc iden ta l  loss of human l i f e  due t o  t h e i r  u se .  

C e r t a i n l y ,  many f i s h ,  b i r d s ,  mammals and o t h e r  animals have 
been a c c i d e n t a l l y  poisoned by the  use of t hese  newer p e s t i c i d e s .  
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Each of us has differing degrees of knowledge as to the extent 
of the benefits and the damages resulting from the use of these pes- 
ticides. Each of us has differing degrees of interest in public 
health, in agricultural production and in wildlife. And each of us 
makes differing judgments as to the values of each benefit and dam- 
age. 

The lack of sufficient research data on all of the effects of  
the use of the new pesticides leaves the field open to speculation 
and leads to controversy. The differing value judgments which each 
of us place on various items add further fuel to the fires of the 
controversy. 

Within the limits of the time available, our symposium this 
evening has been designed 

1. to bring you a summation of the facts which are available 
in this broad field, 

2 .  to present considered opinions of the significance of the 
facts which are available, and 

3 .  to give an opportunity for the expression of value judg- 
ments in this field. 
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MAN, FOOD, AED WSECTS AS AN ECOLOGICAL PROBLEM 

D. J. Kuenen 
Zoological Laboratory 
Univers i ty  of Leiden 

Leiden, The Netherlands 

Many people  have a very s t r o n g  tendency to  consider  mankind and 
i t s  c u l t u r e  a s  something d i s t i n c t  from na ture  and na tura l  events ;  
and t o  those i t  must come a s  a r a t h e r  s t a r t l i n g  experience whenever 
they f i n d  t h a t  they a r e ,  a f t e r  a l l ,  l inked t o  o ther  be ings ,  p l a n t s  
and animals,  and t o  the  r u l e s  of na ture  t o  such an ex ten t  t h a t  they 
a r e  more a p a r t  of than r u l e r s  over  the  world. 

Many a person l i v e s  most of the  time i n  an environment which i s ,  
i n  most of i t s  a s p e c t s ,  so very  much man-made t h a t  he no longer  r e a l -  
i z e s  t h a t  through the  boundaries of t h i s  environment he i s  connected 
with the land,  a i r  and waters and the  i n h a b i t a n t s  thereof .  He g e t s  
a l l  he wants from neighborhood shops and does not  stop t o  wonder 
where h i s  food comes from and may n o t  r e a l i z e  t h a t  it has t o  be pro-  
duced i n  an environment which i n  no respec t  resembles h i s  a i r -con-  
d i t i o n e d  home, b u t  where the f u l l  force  of n a t u r e ' s  v i c i s s i t u d e s  a f -  
f e c t s t h e  b a s i s  of man's food cha in .  There is so much between the  
primary product ion of h i s  food and the  consumer tha t  the  q u i t e  v i o l -  
e n t  o s c i l l a t i o n s  i n  product ion a r e  damped by t h e  time h i s  meal comes 
t o  the t a b l e .  

This s i t u a t i o n  has developed gradual ly  and l o c a l l y .  But the  
consequent a t t i t u d e  of mind has  become dominant among our  p o l i t i c a l  
and economic l e a d e r s .  It has l e d  t o  a s i t u a t i o n  which is  worrying 
an ever - increas ing  number of people who have l e s s  than complete 
f a i t h  i n  man's dominating powers. 

I want to  t r y  and i n d i c a t e  b r i e f l y  t h e  r e l a t i o n  between man and 
na ture  from an ecologica l  viewpoint ,  t o  t r a c e  the way we have come, 
and t o  i n d i c a t e  a f u t u r e  course along which we may cont inue t o  develop 
our  c u l t u r a l  h e r i t a g e  Without, p a r t l y  unwi t t ing ly ,  des t roying  our  own 
h a b i t a t .  

When man was still a hunter  and a food ga therer ,  he d i d  not i n -  
f luence h i s  environment t o  any g r e a t e r  degree than  has any o t h e r  
f a i r l y  l a r g e  manorpal. The f i r s t  important eco logica l  changes occurred 
when he c l e a r e d  areas f o r  a g r i c u l t u r e ,  however pr imi t ive  t h i s  may 
have been from our  p r e s e n t  p o i n t  of view. 

Of the innumerable numbers of  i n s e c t  spec ies  which were t o  be 
found i n  the  neighborhood of such a g r i c u l t u r a l  areas ,  a c e r t a i n  
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number found the  change advantageous. The microclimate may have 
been more favorable ,  o r  c e r t a i n  of t h e i r  enemies were less abund- 
a n t  t h e r e ,  bu t  c e r t a i n l y  i t  o f f e r e d  an e x c e l l e n t  oppor tun i ty  f o r  
reproduct ion  f o r  those  which e i t h e r  used t h e  c u l t i v a t e d  p l a n t  a s  an  
ov ipos i t i on  s i t e ,  o r  needed t h i s  p l a n t  as food be fo re  reproduct ion  
could take p l a c e .  

Not on ly  d id  the  farmer grow a number of p l a n t s  t oge the r  i n  one 
p l a c e ,  bu t  he a l s o  s t a r t e d  s e l e c t i o n  on a pu re ly  empi r i ca l  b a s i s .  
It must have come as  an unexpected and e x h i l a r a t i n g  exper ience  t h a t  
y i e l d s  could be improved f o r  the  next  s eason ' s  crop by t ak ing  seed 
from supe r io r  p l a n t s  r a t h e r  than t ak ing  j u s t  a random sample. Se- 
l e c t i o n  must soon have become a ma t t e r  of primary i n t e r e s t  t o  t h e  
more observant and i n t e l l i g e n t  of our f o r e f a t h e r s .  

But no t  on ly  humans p r o f i t e d  from t h i s  a c t i v i t y .  Again, a l s o  
some i n s e c t s  r eac t ed  favorably .  Larger seeds  and more of them, b ig -  
ge r  f r u i t s ,  longer pe r iods  of growth, y e a r l y  repea ted  y i e l d s ,  e i t h e r  
i n  t h e  same p lace  o r  somewhere c l o s e  a t  hand, reduced m o r t a l i t y  and 
increased  ne t  reproduct ion  r a t e s  f o r  a c e r t a i n  number of i n s e c t s  and 
o t h e r  animals.  

I n  t h i s  gradual  process  of improving farming techniques ,  which 
of course i s  s t i l l  going on, we must d i s t i n g u i s h  between two d i f f e r -  
e n t  p r i n c i p l e s  which unde r l i e  t he  excess ive  m u l t i p l i c a t i o n  of i n s e c t s  
and which can be d i s t ingu i shed  by the  names b iocoenologica l  and phys- 
i o l o g i c a l  causes :  phys io log ica l  p e r t a i n i n g  only  t o  the  food of the  
i n s e c t s ;  b iocoenologica l  t o  a l l  o t h e r  environmental  f a c t o r s .  

Biocoenologica l .  A g r e a t  number of specimens of one p l a n t  spe- 
c i e s ,  o f t e n  of the  same age ,  i nc reases  the  reproduct ive  r a t e  of a 
number of spec ie s  of phytophagous i n s e c t s  because the re  i s  abundance 
of a v a i l a b l e  food and ov ipos i t i on  s i t e s .  The microclimate i s  changed 
and may be more f avorab le .  Through d e s t r u c t i o n  of o t h e r  p l a n t s  i n  
the  neighborhood the  p reda to r s  and p a r a s i t e s  lack  a l t e r n a t i v e  preys  
and h o s t s ,  some of which may be convenient o r  necessary  f o r  them. 

There a r e ,  of cour se ,  q u i t e  a number of monophagous p a r a s i t e s .  
But i n  the  complex b iocoenos is  t h e r e  a r e  a l s o  a cons iderable  number 
which need more than one spec ie s  of hos t  t o  complete t h e i r  l i f e  cyc le .  
For p reda to r s  t h i s  may be more the  r u l e  than the  except ion .  But t he  
a l t e r n a t i v e  prey  of the  hos t  may not  feed  on the  same p l a n t  a s  does 
the  primary prey .  I t s  absence i n  the  monoculture can make i t  d i f f i -  
c u l t  f o r  t he  enemy t o  keep i t s  d e n s i t y  a t  a s u f f i c i e n t l y  high l e v e l  
t o  in f luence  t h e  h o s t  d e n s i t y  t o  a degree which has q u a n t i t a t i v e  i m -  
por tance  f o r  t he  farmer.  

There a r e  q u i t e  a number of p a r a s i t e s  of which the  a d u l t  feeds 
only on the  body f l u i d s  of the  hos t  specimen i n  which they have de- 
p o s i t e d  t h e i r  eggs .  But o the r s  need flowers f o r  t h e i r  food supply.  
Weed d e s t r u c t i o n  depr ives  these  p a r a s i t e s  of a food source  and thus  
reduces t h e i r  importance.  



Then t h e r e  are t h e  phys io log ica l  causes .  By s e l e c t i n g  f o r  
g r e a t e r  product ion  many var ie t ies  have been c rea t ed  which are more 
attractive t o  insects than e r e  the o r i g i n a l  spec ies ,  or are less 
resistant to  t h e i r  a t t a c k .  In  a d d i t i o n ,  c u l t u r a l  measures may in- 
crease the a t t r a c t i v e n e s s  of t he  p l a n t  or inc rease  the  food va lue  
f o r  t h e  insect. 

J u s t  one example may i l l u s t r a t e  t h e  p r i n c i p l e .  The Tenthredin id  
Hoplocampa t e s t u d i n e a  (Klug), t h e  apple  sawfly, lays i t s  eggs i n  t h e  
flowers o f t h e a p p l e  trees. The newly hatched l a r v a  feeds  under t h e  
s k i n  of the  f i r s t  app le ,  then seeks  a second i n  which it  tunne l s  down 
t o  t h e  developing seeds .  It feeds  on them and then must go t o  a 
t h i r d  or even f o u r t h  app le  be fo re  i t  i s  f u l l  grown. On an  app le  tree 
i n  i t s  n a t u r a l  s t a t e ,  and even i n  a neglec ted  orchard,  t h e  young 
l a r v a  may have d i f f i c u l t y  i n  f ind ing  a second and t h i r d  apple  i n  
which t o  develop. 
develop. Others may be des t royed  a t  an e a r l i e r  stage by o t h e r  i n -  
s e c t s ,  and n o t  a l l  may be s u c c e s s f u l l y  p o l l i n a t e d .  Bes ides ,  we w i l l  
o f t e n  f i n d  a l t e r n a t i n g  yea r s  of abundant and scanty  f lower ing .  Even 
i f  i n  one yea r  a c e r t a i n  number of l a rvae  succeed i n  developing, 
next  year  t h e r e  w i l l  be l i t t l e  chance o f  completing t h e  l i f e  cyc le  
s i n c e ,  while s ea rch ing  f o r  t h e  nex t  apple ,  chances of d e s t r u c t i o n  of 
t he  l a r v a  a r e  ve ry  g r e a t .  

From one mixed bud only  one or two f lowers  may 

How d i f f e r e n t  i n  a w e l l - t r e a t e d  orchard ,  where indeed t h e  saw- 
f l y  might think--could i t  th ink - - tha t  t he  farmer p a r t i c u l a r l y  wanted 
t o  inc rease  t h e  numbers of them. Yearly abundant flowers,  with a 
very  high percentage  of them p o l l i n a t e d ,  i n  c l o s e  proximity,  and 
each developing i n t o  t h e  necessary  app le - - th i s  i s  indeed what we 
would s t r ive t o  achieve  i f  we wanted t o  inc rease  the numbers of 
Hoplocampa. 

The a p p l i c a t i o n  of f e r t i l i z e r ,  p a r t i c u l a r l y  n i t rogen ,  s t i m u l a t e s  
the  growth of many crops .  It  has been shown that c e r t a i n  m i t e s  p ro-  
duce n e a r l y  t w i c e a s  manyeggs when fed on l eaves  which have a high 
n i t rogen  con ten t ,  than  when f ed  on leaves  from t r e e s  which d i d  no t  
r ece ive  heavy n i t rogen  f e r t i l i z a t i o n .  With f i v e  or more gene ra t ions  
of m i t e s  pe r  y e a r ,  t h i s  makes an enormous d i f f e rence  i n  t h e  poss i -  
b i l i t i e s  of a build-up of damaging popula t ions .  

These p h y s i o l o g i c a l l y  favorable  circumstances produce a h ighe r  
n a t a l i t y ;  the b iocoenologica l  changes reduce t h e  m o r t a l i t y  rate. 
Together,  and i n  -Heated i n t e r p l a y ,  they produce ou r  economic 
entomological problems. 

N o t  a l l  economically impor tan t  i n s e c t s  belong to  t h i s  group. 
Some depend upon t h e  oppos i t e ,  t h e  unhea l thy  p l a n t ,  for t h e i r  mul- 
t i p l i c a t i o n .  This  is because w can  roughly d i s t i n g u i s h  between t w o  
groups of d e s t r u c t i v e  insects. They have a d i f f e r e n t  s i g n i f i c a n c e  
i n  t h e  b iocoenos is  and can ,  i n  t e l e o l o g i c a l  terminology, be c a l l e d  
c o n t r o l l e r s  and d e s t r u c t o r s .  
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The f i r s t  group, t he  c o n t r o l l e r s ,  r e a c t  upon abundant and good 
q u a l i t y  food by inc reas ing  the  amount consumed, producing more prog- 
eny and, i n  gene ra l ,  coun te rac t  the  p lus  phenomenon of t he  p l a n t  
wi th  a minus f a c t o r  from the  p l a n t ' s p o i n t  of view. 

Thei r  r o l e  i n  na tu re  can be  descr ibed  as a brake upon the  deve l -  
opment of a p l a n t .  It i s  a phenomenon much d iscussed  i n  the  popula- 
t i o n  dynamics of animals and which, c e r t a i n l y ,  i s  one of t he  p r i n c i -  
p l e s  which i s  b a s i c  t o  a l l  biocommunities. 

The o t h e r  group p r e f e r s  weaker p l a n t s  f o r  food. Typical exam- 
p l e s  of t h i s  group a r e  the  many bark  b e e t l e s  and woodboring i n s e c t s ,  
which can only  l i v e  i n  t r e e s  with reduced sap flow. It may be t h a t  
t he  s o i l  i s  not  adequate f o r  t he  p l a n t ,  t he  c l ima te  no t  s u f f i c i e n t l y  
f avorab le ,  o r  the  weather unfavorable  f o r  too  long a t ime. The t r e e  
may be mechanically damaged by o t h e r  i n s e c t s ,  o r  a fungus d i s e a s e  
may have a t t acked  t h e  p l a n t  and thus  reduced i t s  v igo r  so t h a t  t h e  
secondary i n s e c t s  proceed t o  f i n i s h  i t  o f f .  

Among i n s e c t s  these  d e s t r u c t o r s ,  which i n  na tu re  se rve  t o  elim- 
i n a t e  the  weaklings,  may no t  be so common as  the  c o n t r o l l e r s ,  b u t  
they c e r t a i n l y  occur f r equen t ly  i n  n a t u r a l  communities. 

I n  c u l t i v a t e d  p l a n t s  we w i l l  meet bo th  a s  p e s t s .  Keeping crops 
hea l thy  t o  reduce i n s e c t  damage only  p r o t e c t s  a g a i n s t  the  second 
group of p l a n t  f eede r s .  Healthy p l a n t s ,  on t h e  con t r a ry ,  a r e  pa r -  
t i c u l a r l y  a t t r a c t i v e  t o  the  f i r s t  group. I n  gene ra l ,  we must come 
t o  the  conclus ion  t h a t  i n s e c t  abundance i s  no t  an un fo r tuna te  co- 
inc idence ,  bu t  an  abso lu te  eco log ica l  n e c e s s i t y .  

It s t i l l  remains t o  be inves t iga t ed  f o r  many spec ie s  i n  d e t a i l  
which f a c t o r s  have con t r ibu ted  t o  t h e i r  abundance. Such knowledge 
w i l l  form an important b a s i s  f o r  f u t u r e  work. 

Now, once the  superabundance of i n s e c t s  has been noted ,  c o n t r o l  
measures can be developed. With our d i s t i n c t i o n  between biocoenolog- 
i c a l  and phys io log ica l  causes i n  mind, we can c l a s s i f y  t h e  c o n t r o l  
measures on t h i s  b a s i s .  From the  b iocoenologica l  po in t  of view, the  
f i r s t  th ing  t o  do would be t o  abandon the  monoculture of c rops .  This 
p r a c t i c e  may be poss ib l e  i n  p r i v a t e  gardens,  b u t  the  amount of l abor  
involved does not  make i t  a p r a c t i c a l  p ropos i t i on  i n  developed o r  
developing a g r i c u l t u r e  such as we need a t  t he  p re sen t  t ime. But 
leav ing  uncu l t iva t ed  s t r i p s  around f i e l d s  may be more p r o f i t a b l e  
than i s  gene ra l ly  be l i eved .  

To a c e r t a i n  e x t e n t  i t  might be app l i ed  i n  f o r e s t r y  wi thout  
too  g r e a t  an economic l o s s ,  where a mixed s t and  can reduce the  a t -  
t ack  of c e r t a i n  i n s e c t s ,  and may even do so t o  a s u f f i c i e n t  degree 
t o  make i t  worthwhile.  

Secondly, t h e r e  i s  the  impor ta t ion  of p a r a s i t e s  and p r e d a t o r s ,  
o r  s t i m u l a t i o n  of those a l r eady  p r e s e n t .  It i s  a p r a c t i c a l  p ropos i -  
t i o n  and has met w i th  astounding success  i n  a number of cases  i n  
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widely  d i f f e r e n t  p a r t s  of t h e  world. 
t h e  major successes  of a s c i e n t i f i c  approach t o  a p r a c t i c a l  problem. 

From the phys io log ica l  s tandpoin t  we can  t r y  to  change t h e  

Qui te  a number of attempts have been made and, i n  several 

It can be recorded as one of 

p l a n t  by the  i n t r o d u c t i o n  of r e s i s t a n c e  f a c t o r s  through crossbreed-  
ing. 
cases ,  t h e  e f f o r t s  w e r e  crowned by success .  It i s  a l abor ious  road 
t o  take  because man is e x t r a o r d i n a r i l y  f i n i c k y  about h i s  food. Such 
i r r e l e v a n t  q u a l i t i e s  a s ,  f o r  i n s t ance ,  t h e  co lo r  i n  po ta toes , a re  es- 
s e n t i a l  f o r  t he  market va lue .  To combine a l l  required q u a l i t i e s  i n  
the  new hybr id ,  adapted t o  l o c a l  t a s t e s ,  is  no easy  matter. 

But once t h e  r i g h t  combination of f a c t o r s  has  been found and 
v e g e t a t i v e  propagat ion  o r  c o n t r o l l e d  p o l l i n a t i o n  can be  p r a c t i c e d ,  
we would s e e m  t o  be s a f e  f o r  a cons iderable  t ime--safe,  as long as 
no adap ta t ion  of t h e  i n s e c t  t o  t h e  new s i t u a t i o n  occurs.  As f a r  a s  
t h a t  i s  concerned, t h e  entomologist  has an e a s i e r  l i f e  than  the  
phy topa tho log i s t ,  because fungi  and b a c t e r i a  a re  much quicker  i n  
adap ta t ion  than  are i n s e c t s .  But i n  v i e w  of o u r  experience wi th  in -  
s e c t s  and t h e i r  development of r e s i s t a n c e  t o  in sec t i cudes ,  we cannot 
rest assured  t h a t  no adap ta t ion  w i l l  t ake  p l ace .  

F i n a l l y ,  t h e r e  a r e  the  f e r t i l i z e r s .  They a r e  being app l i ed  f o r  
p l a n t  n u t r i t i o n .  
t he  n u t r i t i o n a l  va lue  of the  p l a n t  f o r  c e r t a i n  a r thropods .  The t i m e  
has come t o  r e i n v e s t i g a t e  t h e  f e r t i l i z a t i o n  program wi th  a view 
toward t r y i n g  t o  inc rease  the  necessary growth of the p l a n t  without 
unduly f avor ing  the  phytophagous i n s e c t .  This  w i l l  be a ve ry  d i f f i -  
c u l t  t a s k  and success  is  very doubt fu l .  But a t  l e a s t  we must know 
what can be done along t h i s  l i n e  o f  i nqu i ry .  

We know now t h a t  t h i s  p r a c t i c e  may a l s o  improve 

Then, of course ,  t he re  a r e  t h e  l a r g e  group of con t ro l  measures 
which do no t  t ake  i n t o  cons ide ra t ion  t h e  reasons for  t h e  presence  of 
the p e s t  bu t  a c c e p t s  i ts  presence and atternpcs to reciuce che numbers. 
I n  p r i n c i p l e ,  one can say  t h a t  i n  these  methods we do n o t  t r y  merely 
t o  reduce the  numbers b u t  t h a t  t h e  f i n a l  aim, a t  l e a s t  i n  t heo ry ,  i s  
t o t a l  e r a d i c a t i o n .  

This i s  t r u e  f o r  chemical c o n t r o l ,  or t h e  in t roduc t ion  of a po i -  
son i n t o  t h e  environment; for t h e  use of attractants whereby the  i n -  
s e c t s ,  o r  one of t h e  sexes ,  are lu red  to  a p lace  where they  can be  
e a s i l y  des t royed ,  or t h e  i n t r o d u c t i o n  of s t e r i l i z e d  males which com- 
p e t e  wi th  the normal ones. By t h i s  last method it has been p o s s i b l e  
t o  reduce t h e  numbers of i n s e c t s  to  below t h e  minimum s u r v i v a l  den- 
s i t y ,  so t h a t  they  have been l o c a l l y  e l imina ted .  

D i f f e ren t  t rea tments  have d i f f e r e n t  goa ls .  A p e r f e c t  b io log i -  

Low, he re ,  means a d e n s i t y  
c a l  c o n t r o l  is one i n  which phytophagous insects and enemies are 
both  permanently p re sen t  a t  l o w  levels.  
a t  which the  damage t o  t h e  p l a n t  is below economic s i g n i f i c a n c e .  

What i s  a reasonable l e v e l  of i n s e c t  damage depends upon your 
viewpoint.  To g ive  a few examples: s eve ra l  percent r educ t ion  i n  
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y i e l d  of a p o t a t o  f i e l d  may be a s m a l l  loss  compared wi th  t h e  v a r i -  
a t i o n  i n  product ion  due to  uncon t ro l l ab le  weather f a c t o r s .  

A s m a l l  blemish due t o  t h e  feeding  of Capsid bug on f r u i t  g ives  
no measurable loss of weight of the  crop b u t  does b r i n g  down t h e  
p r i c e  cons iderably .  Hothouse flowers wi th  s l i g h t  d i s c o l o r a t i o n s  a r e  
p r a c t i c a l l y  unsa l eab le .  

The a t t i t u d e  of va r ious  en tomologis t s  towards i n s e c t  c o n t r o l  
t he re fo re  may be  fundamentally d i f f e r e n t  and, t o  some e x t e n t ,  de- 
pends on the  kind of p l a n t  o r  i n s e c t  which i s  t h e i r  main concern.  
For some, a low popula t ion  which i s  permanently p r e s e n t ,  b u t  which 
does not  explode t o  outbreaks with l a r g e  numbers because t h e r e  a r e  
s u f f i c i e n t  elements i n  t h e  b iocoenos is  t o  coun te rac t  such an in -  
c r ease ,  i s  a happy s i t u a t i o n .  Others,  on the  o the r  hand, a r e  no t  
s a t i s f i e d  u n t i l  the  i n s e c t  i s  completely a n n i h i l a t e d .  

Ca l l ing  upon the  a i d  of supe rna tu ra l  fo rces  t o  p r o t e c t  c rops  
must be a s  o ld  a s  a g r i c u l t u r e  i t s e l f .  It was the  f i r s t  method of 
i n s e c t  c o n t r o l .  Chemical c o n t r o l  then followed. B io log ica l  con- 
t r o l ,  a s  a s c i e n t i f i c a l l y  based p r o j e c t  with a s p e c i f i c  purpose,  be- 
gan about 70 years  ago. Since World War 11, t he  use of chemical 
con t ro l  has been inc reas ing  a t  an astounding r a t e .  

The reasons f o r  t he  p re sen t  neg lec t  of the  eco log ica l  s t and-  
po in t  a r e  obvious.  Chemical c o n t r o l  i s  a quick s o l u t i o n  f o r  what 
can be an  acu te  problem. It is  a th ing  which can be done ind iv idu -  
a l l y  and l o c a l l y  by a grower, independent of o the r s  and of o t h e r  
a g r i c u l t u r a l  a c t i v i t i e s .  I t s  r e s u l t s  a r e  f r equen t ly  immediate and 
s p e c t a c u l a r .  

I w i l l  g ive  j u s t  one example of a near  p e r f e c t  chemical c o n t r o l  
The Pear Bud Weevil (Anthonomus c i n c t u s )  a e s t i v a t e s  on o r  near  pear  
t r e e s ,  emerges i n  the  f i r s t  week of September, and o v i p o s i t s  i n  the  
mixed buds.  The l a rvae  develop dur ing  the  win ter  and the  pupae a r e  
formed i n  the  hollowed buds.  The a d u l t s  emerge i n  May, a e s t i v a t e  
i n  the  immediate proximi ty ,  and aga in  emerge i n  September. There 
i s  very slow spread  from t r e e  t o  t r e e .  

One a p p l i c a t i o n  of DDT, a s  soon a s  the  f i r s t  feed ing  punctures  
i n  the  buds a r e  found i n  September, i s  s u f f i c i e n t  t o  c l e a r  t he  
whole orchard of t h i s  p e s t  f o r  a g r e a t  number of yea r s .  A t  t h a t  
time i n  September few pears  have not  ye t  been harves ted  and p reda to r  
d e s t r u c t i o n  i s  very  l i m i t e d .  Without c o n t r o l ,  t he  weevil  may des-  
t roy  more than  ha l f  t he  pear  c rop .  The use of a chemical i s  an ex- 
c e l l e n t  method of c o n t r o l  from every  p o i n t  of view. 

The g r e a t  success  of chemical c o n t r o l ,  backed up by the  com- 
mer ica l  i n t e r e s t s  of the  manufacturers of these  products ,  has i n -  
duced many en tomologis t s  t o  develop methods f o r  p e r f e c t i n g  tech-  
niques based on b i o l o g i c a l  knowledge of the  p e s t  t o  be c o n t r o l l e d ;  
a s  a r e s u l t ,  s t u d i e s  based on the  eco log ica l  po in t  of view have r e -  
ceived l e s s  a t t e n t i o n .  
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There are ,  however, some disadvantages t o  t h i s  mode of approach 
and they  become m o r e  apparent  as t h e  use  of i n s e c t i c i d e s  has i n -  
creased: 

1. plo p e s t  is ever q u i t e  wi thout  i ts  n a t u r a l  enemies. They 
may be feu arid far batween, b u t  t hey  w i l l  s eek  o u t  concen t r a t ions  
of t h e i r  p rey  or h o s t s  and f e a s t  upon them. By applying i n s e c t i -  
c i d e s  these  las t  remnants of  b i o l o g i c a l  con t ro l  a r e  f u r t h e r  e l i m i -  
na ted .  The few phytophagous i n s e c t s  gene ra l ly  l e f t  over  from t h e  
chemical t rea tment  w i l l  be a b l e  t o  develop f r e e l y ,  p a r t i c u l a r l y  s i n c e  
enemies which escaped t h e  chemical w i l l  e i t h e r  soon d i e  from l ack  of 
food o r  wander o f f  i n  s ea rch  o f  b e t t e r  hunting grounds. 

The phytophagous i n s e c t  has  a good s t a r t  and, i n  t h e  e x c e l l e n t  
cond i t ions  provided by the  farmer and o f t e n  f r eed  from cumbersome 
compet i tors ,  will i nc rease  a t  a g r e a t e r  speed than  ever  be fo re .  

This is  c e r t a i n l y  a v a l i d  explana t ion  o f  many " f la re-ups"  no- 
t i c e d  i n  the  f i e l d  a f t e r  chemical c o n t r o l .  
a r e  no to r ious  f o r  t h i s  phenomenon. 

Aphids and sp ider -mi tes  

Some of my audience may have wondered why I have no t  y e t  used 
the  simple expres s ion  of "upse t t ing  the  n a t u r a l  balance" of popula- 
t i o n s .  The reason is  simple.  There i s  no ba l ance ,  b u t  only unbal- 
ance.  There is never for one moment a s t a t i c  equi l ibr ium,  b u t  a 
continuous change of numbers which i s  r e l a t e d  t o  i n t r i n s i c  and ex- 
t r i n s i c  f a c t o r s .  And it is  n o t  n a t u r a l ,  a t  l e a s t  in any c u l t i v a t e d  
p a r t  of t h e  world,  because t h a t  would imply non- in te r fe rence  by man. 
I n  t h e  c u l t i v a t e d  f i e l d  we, t h e r e f o r e ,  have an unnatura l  unbalance,  
and t h a t  i s  n o t  a very  use fu l  express ion .  

2 .  The second d i f f i c u l t y  encountered by chemical c o n t r o l  i s  
the development of r e s i s t a n c e .  From 1906 onwards, en tomologis t s  
have known t h a t  r e s i s t a n c e  develops,  f i r s t  i n  s c a l e  i n s e c t s  on C i t -  
r u s  i n  C a l i f o r n i a ,  then in t h e  Codling Moth i n  f ru i t -growing  a r e a s  
more t o  the  east  and, g radua l ly ,  i n  more than  one hundred i n s e c t  
s p e c i e s  of a g r i c u l t u r a l  and medical importance a l l  over t he  world. 

I n  t he  beginning ,  even many en tomologis t s  d id  not take  t h i s  
phenomenon very serfmisly and only i n  the last 15 years has  i ts  

y accepted. 

duction of  non- re s i s t an t  popula t ions  in to  

Ways o f  c d a t t i n g  the build-up 
suggested,  such as the u s e  of d i f f e r e n t  i n -  

i n s e c t i c i d e s  wi th  opposed s e l e c t i o n  p res su re  
so t h a t  i n s e c t s  re r ig i tan t  to compound A are p a r t i c u l a r l y  s u s c e p t i b l e  
t o  compound B. 
b u t ,  up t o  now, the chemicals f o r  a p r a c t i c a l  a p p l i c a t i o n  i n  the 
f i e l d  have n o t  been found. 

Theore t i ca l ly ,  t h i s  las t  i s  a more elegant method; 

3. There i s  one s t i l l  i n s u f f i c i e n t l y  ynderstood and unpleas-  
a n t  s i d e  t o  t h e  use of i n s e c t i c i d e s  and t h a t  i s  the s t imu la t ing  
e f f e c t  which they  sometimes can  d i s p l a y .  Suble tha l  doses of DDT 
may inc rease  egg production i n  g r a i n  weevils and sp ider -mi tes .  
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Appl ica t ions  of i n s e c t i c i d e s  and fungic ides  which leave  d ry  r e s idues  
enhance the  development of s c a l e  i n s e c t s  and sp ide r -mi t e s .  The phys- 
i o l o g i c a l  b a s i s  f o r  bo th  of these  phenomena i s ,  as f a r  a s  I am 
aware, s t i l l  unknown. 

This leaves  us i n  the  r a t h e r  unhappy s i t u a t i o n  t h a t  t he  e a s i e s t ,  
and o f t e n  the  cheapes t ,  way of c o n t r o l l i n g  i n s e c t s  i s  a l r eady  begin- 
n ing  t o  l o s e  i t s  a t t r a c t i v e n e s s  because we have to inc rease  cont inu-  
ous ly  the  frequency and the  concen t r a t ion  of our a p p l i c a t i o n s .  And 
even t h a t  w i l l  no t  be s u f f i c i e n t  a s  t he  number of r e s i s t a n t  spec ie s  
inc reases  and r e s i s t a n c e  spreads  f u r t h e r  i n  those a reas  where i t  has 
a l r eady  developed. 

Furthermore, a s  we go on, i n s e c t i c i d e s  w i l l  accumulate i n  p l aces  
where we do not  want them and they  a r e  a l r eady  th rea t en ing  the  e x i s t -  
ence of many spec ie s  of mammals, b i r d s ,  f i s h  and o t h e r s ,  which no one 
wants t o  e l imina te .  

Af t e r  t he  admirable summary of f a c t s  t o  be found i n  many p laces ,  
and p a r t i c u l a r l y  i n  Miss Carson ' s  " S i l e n t  Spr ing ,"  the  t e r r i b l e  con- 
sequences of too f r e e  use of i n s e c t i c i d e s  need not  be t r e a t e d  ex ten-  
s i v e l y  he re .  

Now, how can we e x t r a c t  ourse lves  from t h i s  slowly t i gh ten ing  
noose i n t o  which we have pu t  our heads? 

It i s  obvious t h a t  chemical c o n t r o l  can only be considered a s  
a temporary reduct ion  of t h e  number--very e f f e c t i v e  f o r  t h e  time be- 
ing  and without the  ex tens ive  a p p l i c a t i o n  of which the  food s i t u a -  
t i o n  i n  the  world would be cons iderably  worse than i t  i s .  

But we cannot continue t o  work on t h i s  p l an  and must head i n  
another  d i r e c t i o n .  This i s  being done a l r eady  i n  seve ra l  p l aces  
and i n  seve ra l  f i e l d s .  In t eg ra t ed  c o n t r o l  aims a t  a combination o f  
b i o l o g i c a l  and chemical methods. 

One of the  f i r s t  t o  g e t  app l i cab le  r e s u l t s  was  P i c k e t t  and 
h i s  team i n  Nova Sco t i a  i n  orchards .  Elsewhere, s i m i l a r  i deas  a r e  
being worked o u t .  Progress  i s  slow b u t ,  i n  s p i t e  of the  l a r g e l y  em- 
p i r i c a l  approach, we a r e  g e t t i n g  somewhere. 

What we need i s  a genera l  change of a t t i t u d e .  We must come t o  
r e a l i z e  t h a t  we must l i v e  with in sec t s - - a  by-no-means-peaceful co- 
ex is tence- -and  t h a t  they  s h a l l  always have a share  of our food .  We 
may be ab le  t o  ex termina te  a few of them, without k i l l i n g  too  many 
o the r  animals and without poisoning our own h a b i t a t ,  bu t  we cannot 
k i l l  them a l l .  We must t r y  and e s t a b l i s h  a b i o l o g i c a l  a g r i c u l t u r e ,  
and t h i s  can be done by combining fo rces  i n  our favor  and not  
concen t r a t ing  on j u s t  one. 

Because, i f  we seek v a r i e t i e s  which a r e  not t oo  a t t r a c t i v e  f o r  
the  i n s e c t s ,  i f  we do not make them too  a t t r a c t i v e  by our f e r t i l i z -  
ing  program, i f  we a l low t h e  r i g h t  kind of o t h e r  p l a n t s  t o  grow nea r  
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our  f i e l d s ,  and i f  we in t roduce  or he lp  along t h e  entomophagous 
i n s e c t s  i n s t e a d  of k i l l i n g  them o f f ,  t hen ,  with the he lp  of i n sec -  
t i c i d e s  as s p e c i f i c  t o  the  p e s t  as p o s s i b l e  to reduce occas iona l  
ou tbreaks  which w i l l  s u r e l y  occur eve ry  now and then, we could  
produce food i n  an economic way a t  the  s u f f i c i e n t l y  h igh  level 
which is so u r g e n t l y  needed. 

I f  we t h i n k  and work a long  these  l i n e s  we may escape t h e  doom 
which is  t h r e a t e n i n g  ahead. 

Only then  w i l l  we be a b l e  t o  continue t o  l i v e  i n  a world worth 
l i v i n g  i n ,  and be ,  ou r se lves ,  worthy of t he  self-adopted name 
sapiens- - the  s p e c i e s  which d i s t i n g u i s h e s  i t s e l f  from t h e  o t h e r  an- 
i m a l s  by the  excess ive  development o f  c e r t a i n  p a r t s  of i t s  c e n t r a l  
nervous sys  tern. 

Le t  u s  t r y  t o  make the  b e s t  use o f  our i n t e l l e c t  and th ink  
not  of ou r se lves  a lone ,  bu t  look ahead f o r  the sake of t h e  genera- 
t i o n s  t o  come. 
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OPPORTUNITIES FOR THE DEVELOPMENT OF SPECIFIC 
METHODS OF INSECT CONTROL 

E .  F .  Knipl ing 
Entomology Research Div is ion  
A g r i c u l t u r a l  Research Serv ice  

U. S .  Department of A g r i c u l t u r e  
B e l t s v i l l e ,  Maryland 

Today, i t  i s  p o s s i b l e  t o  c o n t r o l  the  v e c t o r s  of m a l a r i a ,  typhus,  
p lague ,  and v i r t u a l l y  every  o t h e r  major d i s e a s e  spread  by ar thropods .  
Devastat ing outbreaks of  most i n s e c t  p e s t s  t h a t  a t t a c k  c r o p s ,  f o r e s t s ,  
and l i v e s t o c k  can be prevented.  Man can preserve  and p r o t e c t  h i s  
s t o r e d  foods,  h i s  c l o t h i n g ,  and h i s  home from t h e  many insect  p e s t s  
t h a t  cont inue t h e i r  d e s t r u c t i o n ,  even a f t e r  t h e  a g r i c u l t u r a l  products  
have been harves ted  and processed .  Various methods of i n s e c t  c o n t r o l  
have been developed t o  make such outs tanding  progress  p o s s i b l e .  How- 
e v e r ,  chemicals provide t h e  means f o r  d e a l i n g  wi th  most of t h e s e  i n -  
s e c t  problems. 

Research f o r  a c e n t u r y  c o n t r i b u t e d  t o  our  b a s i c  knowledge of  
ar thropod p e s t s  and d i s e a s e  v e c t o r s ,  b u t  most of t h e  progress  i n  con- 
t r o l l i n g  them has been made dur ing  t h e  l a s t  two decades.  During t h i s  
per iod  we have seen  t h e  development and use of DDT, toxaphene, methox- 
ychlor ,  chlordane,  l i n d a n e ,  d i e l d r i n ,  h e p t a c h l o r ,  p a r a t h i o n ,  mala th ion ,  
a l l e t h r i n ,  piperonyl  bu toxide ,  coumaphos ( c o - r a l ) ,  c a r b a r y l  (Sevin) ,  
and many o t h e r  h i g h l y  e f f e c t i v e  i n s e c t i c i d e s .  The amounts of insec-  
t i c i d e  used i n  t h e  United S t a t e s  increased  s e v e r a l  f o l d  i n  t h e  two 
decades from 1943 t o  1963.  The i n c r e a s e  i n  t h e  use  of i n s e c t i c i d e s  
i n  r e c e n t  years  has  l e d  t o  problems t h a t  are of major concern t o  t h e  
p u b l i c .  A f t e r  making an exhaus t ive  s tudy  of  the  problem, t h e  P r e s i -  
d e n t ' s  Science Advisory Committee on May 1 5 ,  1963, i s sued  a r e p o r t  
e n t i t l e d ,  "Use of  P e s t i c i d e s . "  The r e p o r t  i d e n t i f i e s  a number of  
hazards  and p o t e n t i a l  r i s k s  a s s o c i a t e d  wi th  the  u s e  of i n s e c t i c i d e s .  
The r e p o r t  a l s o  makes c e r t a i n  recommendations f o r  c o r r e c t i n g  o r  a l -  
l e v i a t i n g  these  problems. With regard t o  r e s e a r c h ,  it recommends 
t h a t  i n v e s t i g a t i o n s  be  i n t e n s i f i e d  on more s e l e c t i v e  and less  p e r -  
s i s t e n t  p e s t  c o n t r o l  chemicals ,  on more s e l e c t i v e  chemicals and ways 
t o  employ them, and on nonchemical c o n t r o l  methods. 

Entomologists and a s s o c i a t e d  s c i e n t i s t s  have always recognized 
t h a t  i n s e c t i c i d e s  c r e a t e  p o t e n t i a l  hazards  t o  o t h e r  forms of l i f e .  
C e r t a i n l y ,  the  a r s e n i c a l s ,  one of  t h e  o l d e s t  c lasses  of i n s e c t i c i d e s ,  
were n o t  s p e c i f i c  i n  e f f e c t  on d e s t r u c t i v e  i n s e c t s .  This c lass  of  
compounds c rea tes  many of the  same types of  hazards  t h a t  a r e  caus ing  



most concern i n  connec t ion  wi th  t h e  use  of the newer o rgan ic  in -  
s e c t i c i d e s .  Likewise, nicotine su lpha te ,  hydrogen cyanide,  t h a l -  
lium, sodium f l u o r i d e ,  carbon d i su lph ide ,  and o t h e r  older insecti-  
c i d e s  create special hazards t o  lly~n and animals. However t h e  ex- 
t e n s i v e  use  of a v ide  v a r i e t y  of nev organic compounds has added 
t o  t h e  complexity of t h e  hazard problem. 

S c i e n t i s t s  have no t  been unresponsive to  t h e  need f o r  r e sea rch  
t o  avoid  o r  minimize the  hazards t h a t  a r e  a s soc ia t ed  wi th  t h e  use  
of p e s t i c i d e s .  When the  importance of i n s e c t i c i d e  r e s idues  i n  meat 
and milk was  ev iden t  as e a r l y  as 1949, e f f o r t s  were made i m e d i a t e -  
l y  through coopera t ive  research  by indus t ry ,  t h e  S ta t e  Agr i cu l tu ra l  
Experiment S t a t i o n s ,  and the  Department of Agr icu l ture  t o  f i n d  less 
p e r s i s t e n t  i n s e c t i c i d e s  which would not accumulate i n  animal t is-  
sues .  When new i n s e c t  problems emerged because of upse t s  i n  t h e  
ba lance  of b e n e f i c i a l  and d e s t r u c t i v e  i n s e c t s ,  entomologists began 
r e sea rch  on i n s e c t i c i d e s  a methods o f  use  vfiich were more s e l e c -  
t i v e  i n  t h e i r  e f f e c t  on t a r g e t  spec ie s .  When t h e  chain e f f e c t  of 
TDE on f i s h  and f i s h - e a t i n g  b i r d s  w a s  recognized i n  Clear Lake, 
C a l i f o r n i a ,  en tomologis t s  began i n v e s t i g a t i n g  how they might con- 
t r o l  t he  gna ts  i n  Clear  Lake by o t h e r  materials and methods of use  
t h a t  would no t  pose t h i s  danger t o  w i l d l i f e .  Research on t h e  con- 
t r o v e r s i a l  program f o r  c o n t r o l  of t h e  f i r e  ant ,  Solenopsis gimin- 
a t a  ( F . ) ,  was concent ra ted  on more s p e c i f i c  and l e s s  hazardous 
measures and led to the  development of a new b a i t  treatment h i c h  
g r e a t l y  minimizes hazards t o  w i l d l i f e .  The problems t h a t  con- 
f ron ted  t h e  s c i e n t i s t s  were t h e  wide range o f  p e s t i c i d e s ,  t h e  many 
uses  involved, and t h e i r  i n a b i l i t y  t o  f u l l y  i n v e s t i g a t e  a l l  of t he  
d ive r se  a s p e c t s  encountered. 

In s p i t e  o f  t h e  l i m i t a t i o n s  i n  r e sea rch  resources ,  much pro- 
g r e s s  has  been made i n  t h e  s a f e r  use of i n s e c t i c i d e s .  As  r e sea rch  
con t inues ,  we can  expec t  s u b s t a n t i a l  p rog res s  i n  the development 
c?f ct.r?ventional t ; ~ e s  of insecticides and m e t h o d s  o f  11sP which 
w i l l  f u r t h e r  reduce hazards t o  o t h e r  forms o f  l i f e .  Research 
should be  i n t e n s i f i e d  to  achieve t h i s  o b j e c t i v e ,  but i t  seems 
h igh ly  d e s i r a b l e  t o  devote more e f f o r t  on c o n t r o l l i n g  i n s e c t s  by 
a l t e r n a t e  ways t h a t  are s p e c i f i c  i n  t h e i r  e f f e c t  on t h e  t a r g e t  
s p e c i e s  and thus  completely avoid o r  g r e a t l y  minimize s i d e  
e f f e c t s .  Such alternate methods might be used alone o r  as supple- 
ments to conventimal chemical control procedures.  

The conven types of i n s e c t i c i d e s  w i l l  be needed f o r  some 
t ime to  come so meet many of our i n s e c t  problems. 

n t i n g  to  b i l l i o n s  of d o l l a r s  each yea r .  They 
are a con t inu ing  threat to OUT h e a l t h  &nd comfort. 
p o s s i b l e  t o  develop specific chemicals o r  s p e c i f i c  c o n t r o l  measures 

sands of harmful i n s e c t s .  It seems impor tan t ,  
however, t h a t  ke a full s tudy  o f  t he  s e v e r a l  hundred key  in- 
s e c t  s p e c i e s  r e spons ib l e  f o r  t he  use  of perhaps 90 pe rcen t  of t h e  
i n s e c t i c i d e s  employed today, with a v i e w  t o  the  development of spe- 
c i f i c  methods of c o n t r o l  f o r  t hese  key spec ie s .  The achievement 
of such an o b j e c t i v e  w i l l  r equ i r e  a major research  e f f o r t .  Unlike 

&sects 

It vi11 not be  
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research  on broad spectrum i n s e c t i c i d e s ,  r e sea rch  on ways t o  con- 
t r o l  a p a r t i c u l a r  i n s e c t  r e q u i r e s  a h igh ly  ind iv idua l  approach. It 
becomes obvious,  t h e r e f o r e ,  t h a t  t he  n a t i o n ' s  r e sea rch  resources  
must be increased  s u b s t a n t i a l l y  i f  we a r e  t o  make r ap id  progress  i n  
the  a t ta inment  of t h i s  o b j e c t i v e .  

The Entomology Research Div is ion  has dur ing  the  p a s t  8 yea r s  
r eo r i en ted  i t s  research  e f f o r t s  t o  explore  t o  the  maximum e x t e n t  
poss ib l e  va r ious  nonchemical and s p e c i f i c  chemical approaches t o  
i n s e c t  c o n t r o l .  During t h i s  pe r iod  approximately ha l f  t h e  research  
e f f o r t  formerly devoted t o  convent iona l  i n s e c t i c i d e s  has  been 
s h i f t e d  t o  research  on i n s e c t  pathogens,  i n s e c t  p a r a s i t e s ,  v a r i e t a l  
c o n t r o l ,  s p e c i f i c  i n s e c t  a t t r a c t a n t s ,  and t h e  use of i n s e c t s  f o r  
t h e i r  own d e s t r u c t i o n .  Most of t hese  ways t o  c o n t r o l  i n s e c t s  have 
been considered by s c i e n t i s t s  i n  the  p a s t .  I n  gene ra l ,  however, 
they have not  provided many s o l u t i o n s .  For  every  success  by a non- 
chemical o r  s p e c i f i c  chemical procedure ,  t he re  have been 10 suc-  
cesses  by the  conventional i n s e c t i c i d e  approach. Never the less ,  t he  
a d d i t i o n a l  b a s i c  in format ion  a v a i l a b l e  today, t h e  l a t e s t  advances 
i n  technology, and the  r e c e n t l y  developed techniques g ive  us  much 
b e t t e r  oppor tun i t i e s  t o  develop new approaches t o  i n s e c t  c o n t r o l  
than those we had i n  the  p a s t .  

B io log ica l  Control Agents 

P a r a s i t e s  and Preda tors  - 

I n s e c t  p a r a s i t e s  and p reda to r s ,  a s  wel l  as o t h e r  organisms, 
prey  on d e s t r u c t i v e  i n s e c t s  and p l a y  v i t a l  r o l e s  i n  keeping t h e  
p e s t  popula t ions  wi th in  reasonable  bounds. Thei r  i nva luab le  as- 
s i s t a n c e  has long been recognized by en tomologis t s .  For a hundred 
years  i n t ens ive  research  has been undertaken t o  p i t  i n s e c t s  a g a i n s t  
i n s e c t s  a s  a means of c o n t r o l .  The importance of e s t a b l i s h i n g  and 
main ta in ing  a good ba lance  between b e n e f i c i a l  p a r a s i t e s  and preda- 
t o r s  and the  d e s t r u c t i v e  i n s e c t s  on which they l i v e  i s ,  t h e r e f o r e ,  
f u l l y  apprec i a t ed .  Making use of t h i s  p r i n c i p l e  i s  the  reason why 
the  sea rch  f o r  and impor t a t ion  of p a r a s i t e s  and p reda to r s  i s  one of 
the f i r s t  e f f o r t s  made t o  develop ways t o  c o n t r o l  newly in t roduced  
p e s t s .  Over 650 spec ie s  of p a r a s i t e s  and p reda to r s  have been i n -  
troduced from fo re ign  a r e a s .  Of these  about 150 have become e s t a b -  
l i s h e d .  

Natura l  enemies keep popula t ions  of many p o t e n t i a l l y  d e s t r u c -  
t i v e  i n s e c t s  a t  a l e v e l  t h a t  makes them of minor importance.  There 
a r e  important l i m i t a t i o n s ,  however, i n  t h e  p r a c t i c a l  va lue  of i n -  
s e c t  p a r a s i t e s  and p reda to r s  a s  t h e  s o l e  means of i n s e c t  c o n t r o l .  
Many n a t i v e  i n s e c t s  may develop high popula t ions  when n a t u r a l  up- 
s e t s  occur i n  the  ba lance  between the  b e n e f i c i a l  and the  des t ruc -  
t i v e  i n s e c t  h o s t s .  Such upse t s  i n  ba lance  may occur f o r  many r ea -  
sons, most of which a r e  not  too  wel l  understood. When such upse t s  
do occur ,  a g e n e r a l l y  minor p e s t  can become a p e s t  of major s i g n i -  
f i cance ,  even i f  t he  normal balance i s  r e s to red  and the  popula t ion  
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qu ick ly  d e c l i n e s .  
n a t u r a l  insect enemies involves  introduced p e s t s .  When a new i n s e c t  
becomes e s t a b l i s h e d  i n  a new environment, most of its n a t u r a l  ene- 
m i e s  that  have evolved over thousands o f  years i n  t h e i r  n a t i v e  h o e  
are l e f t  behind .  Even though i n t e n s i v e  e f f o r t s  might b e  made t o  
f i n d  and introduce suc ral enemies, i t  i s  d i f f i c u l t  t o  e s t ab -  
l i s h  even a reasonably  1 complement of specific p a r a s i t e s  o r  
p r e d a t o r s  i n  t h e  environment. A t h i r d  cond i t ion  l i m i t s  t he  va lue  
o f  n a t u r a l  enemies. Ce r t a in  c rops  may no t  s u f f e r  high l o s s e s  i n  
y i e l d  due t o  moderate insect popula t ions  b u t  t h e  q u a l i t y  o f  t he  c rop  
may be s e v e r e l y  a f f e c t e d .  Corn earworms, He l io th i s  zea (Boddie), 
may reduce the  y i e l d  of corn  by less than 5%. This i s  an important 
bu t  no t  a major l o s s  i n  t h e  product ion  of f i e l d  corn. However, an  
i n f e s t a t i o n  level t h a t  would reduce y i e l d s  of sweet co rn  by 5% 
would probably mean a reduct ion  i n  marketable e a r s  by 25 t o  50%. 
S imi l a r  s i t u a t i o n s  e x i s t  f o r  a wide range of farm products.  

A second f a c t o r  t h a t  limits t h e  usefu lness  of 

I n  s p i t e  of t he  l i m i t a t i o n s  of p a r a s i t e s  and p reda to r s ,  t h e  
va lue  of t he  impor ta t ion  of n a t u r a l  enemies of des t ruc t ive  o r  po- 
t e n t i a l l y  d e s t r u c t i v e  i n s e c t  p e s t s  must no t  be  minimized. We have 
been s u c c e s s f u l  i n  so lv ing  some i n s e c t  problems by impor ta t ion  of 
n a t u r a l  enemies. Many o t h e r  examples of  p a r t i a l  success i n  keeping 
popula t ions  of in t roduced  p e s t s  t o  reasonable l e v e l s  can be c i t e d ,  
even though supplemental  c o n t r o l  measures may b e  necessary.  

Without n a t u r a l  b i o t i c  agents  we could ha rd ly  compete with t h e  
i n s e c t s .  Thus, t hese  agents  a r e  of great va lue  t o  US and i t  i s  im- 
p o r t a n t  t h a t  we p r o t e c t  and u t i l i z e  them t o  the  maximum e x t e n t  pos- 
s i b l e .  The va lue  of i n s e c t  p a r a s i t e s  and p reda to r s  is  f u l l y  appre- 
c i a t e d  when l a r g e  numbers are des t royed  by broad spectrum i n s e c t i -  
c i d e s  and normal popula t ion  l e v e l s  of t he  hos t  i n s e c t s  cannot be 
maintained. Many t i m e s  i n s e c t i c i d e s  des t roy  s u f f i c i e n t  numbers of 
b e n e f i c i a l  p a r a s i t e s  and p reda to r s  i n  the  environment t o  g ive  rise 
t o  d e s t r u c t i v e  popula t ions  of normally minor p e s t s ,  o r  the  p a r a s i t e  
and p reda to r  complex of t he  t a r g e t  spec ie s  can be so reduced t h a t  
we must r e l y  on r egu la r  spray  schedules  t o  p r o t e c t  the  c rop .  

I n  view o f  t he  va lue  and l i m i t a t i o n s  of i n sec t  p a r a s i t e s  and 
p reda to r s  of d e s t r u c t i v e  i n s e c t s ,  we might wel l  a s k ,  "What i s  t h e  
f u t u r e  r o l e  of  such n a t u r a l  b i o t i c  agents  i n  meeting i n s e c t  prob- 
lems?" 
agen t s .  One way is  to  b e  more r e s t r i c t i v e  i n  t h e  s s l e c t i o n  and use 
of i n s e c t i c i d e s  to c o n t r o l  insects.  Research on the i n t e g r a t i o n  
of b i o l o g i c a l  and chemical c o n t r o l  procedures is  rece iv ing  more and 
more a t t e n t i o n  by entomologis t s .  Such research  workers as P i c k e t t  
(1959), Ripper {1956), and S t e r n  et al.  (1959) have made impor tan t  
con t r ibu t ions  to  t h i s  area of r e sea rch  dur ing  recent  years. 

Ttvo ways might be  sugges ted  t o  make g r e a t e r  u s e  of such 

Another way we might u t i l i z e  n a t u r a l  i n s e c t  con t ro l  agen t s  to 
g r e a t e r  advantage is t o  mass produce and r e l e a s e  a t  r e g u l a r  i n t e r v a l s  
enough p a r a s i t e s  and p reda to r s  t o  achieve adequate c o n t r o l  of t h e  
d e s t r u c t i v e  p e s t .  This approach t o  i n s e c t  c o n t r o l  was considered i n  
the  p a s t ;  b u t ,  i n  gene ra l ,  r e s u l t s  were d isappoin t ing .  However, I 
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f e e l  conf ident  t h a t  as we l e a r n  more about how t o  mass produce bene- 
f i c i a l  i n s e c t s  a t  reasonable  c o s t s  and how t o  s e l e c t  and use  such 
mass produced i n s e c t s  more e f f e c t i v e l y ,  we w i l l  be a b l e  t o  u t i l i z e  
b i o t i c  agents  with g r e a t e r  success .  

Microbial  agents  - 

I n s e c t s  a r e  s u b j e c t  t o  d i seases  caused by va r ious  k inds  of 
v i r u s e s ,  b a c t e r i a ,  f u n g i ,  p ro tozoa ,  and o t h e r  microbia l  agen t s .  
These organisms p l ay  v i t a l  r o l e s  i n  keeping i n s e c t  popula t ions  a t  
reasonable l e v e l s .  However, t h e i r  l i m i t a t i o n s ,  a s  f a r  a s  t he  main- 
tenance of a n a t u r a l  b i o t i c  ba lance  i s  concerned, a r e  e s s e n t i a l l y  
the  same a s  those of p a r a s i t e s  and p reda to r s .  Thus, we cannot con- 
s i s t e n t l y  count on these  organisms t o  he lp  so lve  our  i n s e c t  problems 
under n a t u r a l  cond i t ions .  It i s  g e n e r a l l y  agreed by b i o l o g i s t s ,  how- 
eve r ,  t h a t  a p p l i c a t i o n  of mass produced microbia l  agents  o f f e r s  one 
of the  more promising and d e s i r a b l e  ways t o  c o n t r o l  i n s e c t s .  I n s e c t  
pathogens a r e  gene ra l ly  h ighly  s p e c i f i c  and o f t e n  a f f e c t  only one 
i n s e c t  O K  a group of r e l a t e d  s p e c i e s .  Because of  t h e i r  g r e a t  prom- 
i s e  f o r  i n s e c t  c o n t r o l ,  research  on i n s e c t  pathogens has been i n t e n -  
s i f i e d  s u b s t a n t i a l l y  dur ing  the  p a s t  decade. 

The Un ive r s i ty  of C a l i f o r n i a ,  under the  ab le  l eade r sh ip  of E .  A .  
Ste inhaus ,  has p laced  major emphasis on i n s e c t  pathology. More and 
more a t t e n t i o n  i s  be ing  given t o  a s tudy  of i n s e c t  pathogens by i n -  
v e s t i g a t o r s  a t  home and abroad. The Entomology Research Div is ion  
has a l s o  i n t e n s i f i e d  i t s  research  i n  t h i s  a r e a .  

One of t he  f i r s t  examples of success fu l  use of an i n s e c t  patho- 
gen t o  he lp  c o n t r o l  an i n s e c t  was the  use  of milky spore d i sease  f o r  
c o n t r o l l i n g  the  Japanese b e e t l e ,  P o p i l l i a  japonica Newman, (Dutky, 
1963) .  I n  recent  yea r s  s eve ra l  workers i n  d i f f e r e n t  coun t r i e s  have 
helped develop B a c i l l u s  t h u r i n g i e n s i s  v a r .  t h u r i n g i e n s i s  B e r l i n e r  f o r  
i n s e c t  c o n t r o l .  This d i sease  organism i s  now r e g i s t e r e d  i n  the  
United S t a t e s  f o r  use i n  c o n t r o l  of such i n s e c t s  a s  t he  imported cab- 
bage worm, P i e r i s  rapae ( L . ) ;  t he  tobacco hornworm, Protoparce sex ta  
(Johannson); tobacco budworm, He l io th i s  v i r e scens  ( F . ) ;  and the  a l f a l -  
f a  c a t e r p i l l a r ,  Col ias  eurytheme Boisduval.  Important progress  has 
been made a t  our  Ankeny, Iowa, l abora to ry  i n  developing t h i s  organism 
f o r  use i n  c o n t r o l l i n g  the  European co rn  b o r e r ,  Os t ren ia  n u b i l a l i s  
(Hubner). Severa l  o t h e r  organisms a r e  be ing  used o r  show promise 
as d i r e c t  ways t o  c o n t r o l  i n s e c t s .  A po lyhedra l  v i r u s  of t he  a l f a l f a  
c a t e r p i l l a r  i s  employed f o r  t he  con t ro l  of t h i s  p e s t  on a l f a l f a  i n  
C a l i f o r n i a  (Thompson and Steinhaus 1950) .  Encouraging r e s u l t s  have 
been obta ined  with a po lyhedra l  v i r u s  f o r  t he  c o n t r o l  of t he  cabbage 
loope r ,  Tr ichoplus ia  (Hubner). The p r a c t i c a l  use of h igh ly  spe- 
c i f i c  pathogens may o f t e n  hinge on the  degree of success  t h a t  can be 
achieved i n  m a s s  producing the  i n s e c t  h o s t .  Personnel a t  t he  Pink 
Bollworm I n v e s t i g a t i o n s  l abora to ry  of t he  Entomology Research Divi-  
s i o n  a t  Browrsvi l le ,  Texas, have developed ways t o  mass produce the  
cabbage looper  and t o  grow t h e  v i r u s  i n  the  i n s e c t  h o s t .  Workers a t  
t h i s  l abora to ry  a r e  a l s o  making progress  i n  developing a polyhedra l  



19 

v i r u s  f o r  t h e  c o n t r o l  of the  corn earworm, and t h e  tobacco budworm. 
I n v e s t i g a t o r s  have shown t h a t  v i r u s e s  of o t h e r  a g r i c u l t u r a l  p e s t s ,  
inc luding  f o r e s t  insec ts ,  are h ighly  s u s c e p t i b l e  t o  s p e c i f i c  v i r u s e s .  
Outstanding progress  is being  made i n  the  mass c u l t u r e  of many k inds  
of i n s e c t s .  

With t h e  i n t e r e s t  shown b y  research  workers i n  p u b l i c ,  as w e l l  
a s  p r i v a t e ,  i n s t i t u t i o n s ,  we have reason to  be l ieve  t h a t  i n  f u t u r e  
years  i n s e c t  microbial  agents  w i l l  p l a y  an important r o l e  i n  meeting 
a wide range of i n s e c t  problems. 

V a r i e t a l  Resis tance t o  I n s e c t s  

It i s  w e l l  e s t a b l i s h e d  t h a t  through s e l e c t i o n  we can develop 
p l a n t  v a r i e t i e s  r e s i s t a n t  t o  d i s e a s e s ,  i n s e c t s ,  and o t h e r  organisms 
(Pa in te r  1951, Packard and Martin 1952).  Through the j o i n t  e f f o r t s  
of p l a n t  breeders  and entomologis ts ,  s e v e r a l  outs tanding successes  
have been achieved i n  developing p l a n t  v a r i e t i e s  r e s i s t a n t  t o  i n s e c t  
a t t a c k .  Cer ta in  v a r i e t i e s  of wheat developed recent ly  a r e  v i r t u a l l y  
immune t o  the  Hessian f l y ,  Phytophaga d e s t r u c t o r  (Say), and m i l l i o n s  
of acres  of such wheat a r e  now grown i n  t h i s  country (Pa in te r  e t  a l .  
1953).  Exce l len t  progress  has been made i n  developing s t r a i n s  of corn 
t h a t  a r e  r e s i s t a n t  t o  the European corn borer  (Penny and Dicke 1959). 
More and more of these  i n s e c t  r e s i s t a n t  corn hybrids a r e  being grown 
t o  take  the  p lace  of s u s c e p t i b l e  s t r a i n s .  We can grow sweet corn 
v a r i e t i e s  t h a t  a r e  h ighly  r e s i s t a n t  t o  t h e  corn earworm (Guthrie and 
Walter 1961). When the  spot ted  a l f a l f a  aphid,  Therioaphis maculata 
(Buckton), became e s t a b l i s h e d  i n  t h e  United S t a t e s  and threatened 
the a l f a l f a  indus t ry ,  c e r t a i n  a l f a l f a  v a r i e t i e s  were found t o  be 
h ighly  r e s i s t a n t  t o  t h i s  aphid (Smith e t  a l .  1958).  Entomologists 
and p l a n t  breeders  have a l s o  developed o t h e r  v a r i e t i e s  t h a t  show 
high r e s i s t a n c e  t o  t h i s  p e s t .  Addit ional  examples of success  i n  
.'e*.vloplng crnp viriet ies  r e s i s t a n t  t n  i n s e r t  a t t a c k  could be c i t e d .  

It i s  unfor tuna te  t h a t  the v a r i e t a l  r e s i s t a n c e  method of i n s e c t  
c o n t r o l  has not  received more research  a t t e n t i o n .  The method ap- 
proaches the  i d e a l  a s  an i n s e c t  c o n t r o l  procedure.  It obvia tes  any 
hazard t o  man or  o t h e r  organisms i n  the environment. It c o s t s  no 

Its only  d i s a d  

c h a r a c t e r  i n t o  otherwise s u i t a b l e  varieties. 
term investment in research  is t h e  c h i e f  reason for the l a g  in de- 
veloping t h i s  way to meet i n s e c t  problems. 
search  e f f o r t  on sany crops and many important i n s e c t  s p e c i e s  at- 
tacking  the c rops  is long overdue. 
make the  necessary  investment as a long range cont r ibu t ion  t o  t h e  
achievement of maximum s a f e t y  in  p e s t  control methods. 
achieved when concerted research  e f f o r t s  were made t o  develop i n s e c t  
r e s i s t a n t  p l a n t  v a r i e t i e s  suggests  t h a t  t h i s  approach t o  i n s e c t  con- 
t r o l  w i l l  prove successfu l  a g a i n s t  a wide range of crop p e s t s  and 
could undoubtedly provide a way t o  l e s s e n  damage by e x t e r n a l  para-  
s i t e s  of animals a s  w e l l .  

r e s i s t a n t  v a r i e t i e s  than suscept ib le  v a r i e t i e s .  
is t h e  long period of research g e n e r a l l y  re- 
r e s i s t a n t  germ plasm and to incorporate  t h e  

The c o s t l y  and long 

ffovever, a concerted re- 

The publ ic  should be w i l l i n g  to 

The success  
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I n s e c t  A t t r a c t a n t s  

I n  the  p a s t  cen tury  en tomologis t s ,  chemis ts ,  eng inee r s ,  and 
o the r  s c i e n t i s t s  have devoted much r e sea rch  e f f o r t  t o  t he  eva lua-  
t i o n  of many k inds  of b a i t s ,  b a i t e d  t r a p s ,  l i g h t  t r a p s ,  and o t h e r  
ways t o  a t t r ac t  and d e s t r o y  i n s e c t s .  I n  gene ra l ,  r e s u l t s  have been 
d isappoin t ing ;  bu t  t he re  i s  every  reason t o  b e l i e v e  t h a t  i n s e c t  
a t t r a c t a n t s  can provide h igh ly  e f f e c t i v e  and d e s i r a b l e  ways t o  con- 
t r o l  c e r t a i n  i n s e c t s .  The Entomology Research Div is ion  has i n t e n -  
s i f i e d  i t s  r e sea rch  on the  a t t r a c t a n t  approach t o  i n s e c t  c o n t r o l  
dur ing  r ecen t  yea r s .  Some no tab le  successes  achieved i n  t h e  p a s t  
decade j u s t i f y  our o p t i m i s t i c  view t h a t  a t t r a c t a n t s  may provide 
s p e c i f i c  ways t o  c o n t r o l  a number of i n s e c t s  and thus  avoid  o r  
g r e a t l y  minimize hazards t o  o the r  forms of l i f e .  

When the  problem of i n s e c t i c i d e  r e s i s t a n c e  i n  house f l i e s ,  
Musca domestica L . ,  became acu te  i n  the  e a r l y  1950 ' s ,  our Orlando, 
F l o r i d a ,  l abo ra to ry  made a concer ted  e f f o r t  t o  i n v e s t i g a t e  a t t r a c -  
t a n t s  f o r  the  house f l y .  This e f f o r t  l ed  t o  development of h igh ly  
e f f e c t i v e  g ranu la r ,  sweetened f l y  b a i t s  con ta in ing  small  amounts of 
i n s e c t i c i d e s .  

I n v e s t i g a t o r s  of the  D i v i s i o n ' s  Hawaii and Mexico C i ty  labora-  
t o r i e s  have p laced  major emphasis on development of a t t r a c t a n t s  f o r  
t he  con t ro l  of t r o p i c a l  f r u i t  f l i e s .  These r e sea rch  e f f o r t s  have 
met with outs tanding  success .  The p r o t e i n  hydro lysa te -mala th ion  
b a i t  sprays  were developed through coopera t ive  e f f o r t s  of the  Ento- 
mology Research Div is ion  and the  Un ive r s i ty  of C a l i f o r n i a ,  which 
provided the means f o r  the  e r a d i c a t i o n  of the  Mediterranean f r u i t  
f l y ,  C e r a t i t i s  c a p i t a t a  (Weidemann), i n  F lo r ida  on two occas ions  
dur ing  the  p a s t  decade (S te ine r  e t  a l .  1961) .  Combining hydroly- 
s a t e  and malathion reduced the  amount of the  i n s e c t i c i d e  requi red  
f o r  con t ro l  by about 75 pe rcen t .  The same b a i t s  a r e  u s e f u l  f o r  con- 
t r o l l i n g  a number of o the r  t r o p i c a l  f r u i t  f l y  s p e c i e s .  

Fu r the r  research  on a t t r a c t a n t s  f o r  f r u i t  f l i e s  by t h e  D i v i s i o n ' s  
en tomologis t s  and chemists has l ed  t o  s e v e r a l  h igh ly  e f f e c t i v e  male 
l u r e s  f o r  t he  Mediterranean f r u i t  f l y  and the  melon f l y ,  Dacus cucur- 
b i t a e  C o q u i l l e t t .  These l u r e s  a r e  of g r e a t  va lue  a s  survey t o o l s  and 
may a l s o  be of value i n  con t ro l  (Hall  e t  a l .  1957).  For many years  
methyl eugenol has been known t o  be a h igh ly  e f f e c t i v e  and s p e c i f i c  
l u r e  f o r  males of the  o r i e n t a l  f r u i t  f l y ,  Dacus d o r s a l i s  Hendel. Re- 
s ea rch  workers of the  Hawaii F r u i t  F l y  I n v e s t i g a t i o n s  l abora to ry  of 
t he  Entomology Research Div is ion  have devoted s p e c i a l  r e sea rch  e f f o r t s  
t o  u t i l i z a t i o n  of t h i s  l u r e  f o r  o r i e n t a l  f r u i t  f l y  c o n t r o l .  I n v e s t i -  
g a t o r s  a t  t h i s  l abora to ry  r e c e n t l y  announced e r a d i c a t i o n  of the  o r i -  
e n t a l  f r u i t  f l y  on the P a c i f i c  i s l a n d  of Rota by male a n n i h i l a t i o n ,  
accomplished by us ing  a combined t rea tment  of methyl eugenol and an 
i n s e c t i c i d e .  This experiment,  c a r r i e d  out  with the  coopera t ion  of 
t h e  U .  S .  Navy and the  Trus t  T e r r i t o r y  of the  P a c i f i c  I s l a n d s ,  may 
wel l  rank a s  one of t he  most ou t s t and ing  developments i n  entomology, 
e s p e c i a l l y  i n  view of t he  progress  t h a t  i s  be ing  made i n  the  develop- 
ment of sex l u r e s  f o r  o t h e r  spec ie s  of i n s e c t s .  
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For many yea r s  chemists of t h e  Entomology Research Div is ion  i n -  
v e s t i g a t e d  t h e  n a t u r e  of t h e  powerful male l u r e  produced by v i r g i n  
females of t h e  gypsy moth, P o r t h e t r i a  d i s p a r  (L.). Jacobson e t  a1 
(1961) r epor t ed  dn t h e  isolation, i d e n t i f i c a t i o n ,  and s y n t h e s i s  of 
t h e  chemical subdtance produced by the  female. A r e l a t e d  compound, 
posses s ing  e s s e n t i a l l y  equal  a t t r a c t i o n  f o r  male moths, is now be ing  
produced f o r  sur3ey  purposes and f o r  poss ib l e  u s e  i n  t h e  c o n t r o l  of 
t h i s  i n s e c t .  

Research workers of t he  U. S. Army a t  Natick,  Massachusetts,  
i s o l a t e d  from the  female of t he  American cockroach, P e r i p l a n e t a  
americana (L . ) ,  a subs tance  which possesses  unusually high a t t r a c -  
t i o n  t o  the  males.  Jacobson e t  a l .  (1963) r ecen t ly  announced t h e  
s t r u c t u r e  of t h i s  subs tance .  I n v e s t i g a t o r s  a t  the  Un ive r s i ty  of 
Wisconsin demonstrated the  presence of a h igh ly  ac t ive  ribale a t t r a c -  
t a n t  i n  females of t he  European p ine  sawfuly,  Neodiprion s e r t i f e r  
(Geoffroy). I n  Ehe p a s t  3 yea r s ,  t he  presence of e x t r a c t a b l e  na tu-  
r a l  male l u r e s ,  a l s o  c a l l e d  pheromones, i n  females of o t h e r  i n s e c t  
s p e c i e s  has been demonstrated by research  workers of t he  Entomology 
Research Div is ion .  The i n s e c t s  possess ing  such s p e c i f i c  a t t r a c t a n t s  
inc lude  the  p ink  bollworm, Pectinophora gossyp ie l l a  (Saunders);  
southern  armyworm, Prodenia e r i d a n i a  (Cramer); tobacco hornworm; 
Hessian f l y ;  cabbage looper ;  peach t r e e  bo re r ,  Sanninoidea e x i t i o s a  
(Say); l e s s e r  peach t r e e  b o r e r ,  Synanthedon p i c t i p e s  (Grota & Rob- 
inson) ;  European corn  bo re r ;  banded cucumber b e e t l e ,  D iab ro t i ca  
b a l t e a t a  LeConte; and house f l y .  

The f i n d i n g  of such n a t u r a l  and h igh ly  s p e c i f i c  pheromones i n  
many i n s e c t  spec ie s  opens an e n t i r e l y  new f i e l d  of exp lo ra t ion  i n  
the  e f f o r t  t o  develop e f f e c t i v e  and s p e c i f i c  ways to  c o n t r o l  o r  
e r a d i c a t e  i n s e c t s .  Such subs tances  a r e  extremely a c t i v e  b i o l o g i -  
c a l l y .  There i s  real  hope, e s p e c i a l l y  i n  view of the  es tab l i shment  
of t h e  p r i n c i p l e  of i n s e c t  e r a d i c a t i o n  by male a n n i h i l a t i o n ,  t h a t  a 
concerted progrzm of r e s e ~ r c h  f.n t h i s  area w i l l  eventua l ly  l e a d  t o  
e f f e c t i v e  and h igh ly  s p e c i f i c  ways t o  con t ro l  some of our major 
p e s t s .  

Other ways t o  use i n s e c t  a t t r a c t a n t s  need f u r t h e r  exp lo ra t ion .  
We should r econs ide r  l i g h t  t r a p s .  Engineers and entomologists a r e  
ob ta in ing  more b a s i c  information on the  e f f e c t s  of va r ious  r a d i a -  
t i o n s  on i n s e c t s .  Improvements i n  t r a p  des igns  a re  be ing  made. Per -  
haps of equal  s i g n i f i c a n c e ,  en tomologis t s  a r e  beginning t o  f u l l y  ap- 
p r e c i a t e  t h e  irapor ce o f  apply ing  c o n t r o l  methods a g a i n s t  the t o t a l  
i n s e c t  popula t ion  a l a r g e  area, r a t h e r  than aga ins t  smal l  seg-  
ments of t h e  popula t ion .  
be ing  conducted by A g r i c u l t u r a l  Research Serv ice  en tomologis t s  and 
engineers  i n  an attempt t o  c o n t r o l  t h e  tobacco hornworm i n  an  area 
comprising more than  100 square m i l e s .  Resul t s  from t h e  f i r s t  2 
yea r s  of t r app ing ,  w i th  more than  300 l i g h t  t r a p s  involved,show prom- 
i se .  

A l a rge - sca l e  l i g h t  t r a p  experiment i s  now 

Other examples of progress  i n  developing a t t r a c t a n t s  can be 
c i t e d .  In  f i r e  a n t  c o n t r o l ,  t he  development of a b a i t  t h a t  r e q u i r e s  
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only about 4 grams of an i n s e c t i c i d e  r ep resen t s  an important ach ieve-  
ment. Entomologists,  chemis ts ,  and p l a n t  p h y s i o l o g i s t s  have jo ined  
e f f o r t s  t o  determine what elements i n  a c o t t o n  p l a n t  a r e  r e spons ib l e  
f o r  the  a t t r a c t i o n  of t he  b o l l  weevi l ,  Anthonomus g rand i s  Boheman, 
t o  co t ton .  They have a l r eady  found two s p e c i f i c  co t ton  subs tances  
t h a t  a r e  h igh ly  a t t r a c t i v e  t o  b o l l  weevi l s .  

The above i s  only a b r i e f  account of t h e  advances i n  r e sea rch  
on i n s e c t  a t t r a c t a n t s ;  however, i t  should serve  t o  i n d i c a t e  the  op- 
p o r t u n i t i e s  a f forded  by a f u l l  i n v e s t i g a t i o n  of t he  a t t r a c t a n t  ap- 
proach t o  i n s e c t  c o n t r o l .  

The Use of I n s e c t s  f o r  Thei r  Own Dest ruc t ion  

Because of the  success  achieved i n  e r a d i c a t i n g  the  screw-worm, 
Cochliomyia hominivorax (Coquerel) ,  from the  i s l a n d  of Curacao (Baum- 
hover e t  a l .  1955),  and more r e c e n t l y  from the  Southeas te rn  S t a t e s ,  
by r e a r i n g  and r e l e a s i n g  s t e r i l e  males,  much i n t e r e s t  has been demon- 
s t r a t e d  i n  poss ib l e  adap ta t ion  of t h i s  technique f o r  the  c o n t r o l  of 
o the r  i n s e c t s  o r  o the r  p e s t  an imals .  This approach t o  i n s e c t  con- 
t r o l  r ep resen t s  the  u l t ima te  i n  s p e c i f i c i t y .  The p r i n c i p l e s  i n -  
volved i n  i n s e c t  popula t ion  c o n t r o l  were p rev ious ly  d iscussed  (Knip- 
l i n g  1955).  I n  b r i e f ,  the  approach involves  the  product ion  and sus-  
t a ined  r e l e a s e  of s exua l ly  compet i t ive  s t e r i l e  i n s e c t s  i n  s u f f i -  
c i e n t  numbers t o  overwhelm the  n a t u r a l  popula t ion .  I f  t h e  s t e r i l e  
males r e l eased  a r e  s u f f i c i e n t l y  numerous, i n i t i a l l y ,  t o  cause  a de- 
c l i n e  i n  the  n a t u r a l  popula t ion ,  the continued r e l e a s e  of s t e r i l e  
males w i l l  r e s u l t  i n  a p rogres s ive ly  h igher  r a t i o  of s t e r i l e  t o  f e r -  
t i l e  i n s e c t s ,  u n t i l  t he  chances of f e r t i l e  mztings w i l l  be n i l .  The 
i n e v i t a b l e  r e s u l t  w i l l  be complete e l imina t ion  of the  n a t u r a l  popula- 
t i o n .  

Severa l  requirements must be met f o r  the  s t e r i l e  male r e l e a s e  
method t o  be f e a s i b l e .  A s a t i s f a c t o r y  method of s t e r i l i z i n g  the  i n -  
s e c t  must be developed. Ways t o  mass produce and r e l e a s e  t h e  i n s e c t s  
i n  s u f f i c i e n t  numbers t o  have a marked impact on the  reproduct ive  
p o t e n t i a l  of t he  e n t i r e  popula t ion  of normal i n s e c t s  must be deve l -  
oped. The r e l e a s e s  must be sus t a ined  f o r  a s u f f i c i e n t  per iod  of time 
t o  achieve the  o b j e c t i v e .  

The screw-worm f l y ,  a major p e s t  of l i v e s t o c k ,  was the  f i r s t  i n -  
s e c t  c o n t r o l l e d  i n  t h i s  manner. However, dur ing  the  p a s t  8 years  the  
Entomology Research Div is ion  has  devoted increased  research  a t t e n t i o n  
t o  t h i s  approach t o  i n s e c t  c o n t r o l .  Recently,  the  D i v i s i o n ' s  Hawaii 
l abo ra to ry  announced the  completion of a success fu l  p i l o t  e r ad ica -  
t i o n  experiment involv ing  the  melon f l y  on the  i s l a n d  of Rota i n  the  
P a c i f i c .  The experiment was c a r r i e d  out with the  coopera t ion  of t he  
U .  S .  Navy and the  Trus t  T e r r i t o r y  of t he  P a c i f i c  I s l ands .  The na tu -  
ra l  i n s e c t  popula t ion  was f i r s t  reduced by about 75 percent  by the  
use of a b a i t  spray .  This t rea tment  w a s  followed by the  r e l e a s e  of 
about 8 m i l l i o n  s t e r i l e  melon f l i e s  each week on the  33-square-mile 
i s l a n d .  Within a per iod  of 3 - 4  months e r a d i c a t i o n  was accomplished. 
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This i s  t h e  second important i n s e c t  e r a d i c a t e d  by the sterile-male 
release method. The melon f l y  i s  a m u l t i p l e  mating species, i n  con- 
trast to the s which i s  monogamous. 

The que en r a i s e d  as to the role the sterile-male 
release meth in the fu ture .  We do not know t o  what extent 
t h e  method m i & €  be erepfgged. However, there is  every reason  to be- 
lieve t h a t  t h e  e&& w i l l  be of great va lue  i n  he lp ing  c o n t r o l  and 
e r a d i c a t e  a number o f  important i n s e c t  spec ies .  

The s t e r i l e - i n s e c t  r e l e a s e  method h a s  on inherent  advantage over  
a l l  o t h e r  i n s e c t  c o n t r o l  methods wi th  the  poss ib l e  except ion  o f  the 
m a s s  p roduct ion  and sus t a ined  r e l e a s e  o f  l a r g e  numbers of p a r a s i t e s  
and p reda to r s .  Every o the r  c o n t r o l  method i n  use tends  t o  become less 
and less e f f i c i e n t  as the  p e s t  popula t ion  dec l ines .  This  i s  one o f  
t h e  main r easons  why e r a d i c a t i o n  procedures a r e  gene ra l ly  so d i f f i c u l t .  
The s t e r i l e - m a l e  r e l e a s e  method, on the  o t h e r  hand, becomes more e f -  
f i c i e n t  a s  the n a t u r a l  popula t ion  dec l ines .  Thus, we have a new tech- 
nique t h a t  i s  i d e a l l y  s u i t e d  t o  supplement o the r  i n sec t  c o n t r o l  methods. 

Research dur ing  the  pas t  5-10 yea r s  has  shown t h a t  most i n s e c t s  
can be sexua l ly  s t e r i l i z e d  by exposure t o  gamma r a d i a t i o n  o r  c e r t a i n  
new chemicals t h a t  produce s i m i l a r  s t e r i l i z i n g  e f f e c t s .  Research on 
i n s e c t  n u t r i t i o n  has  g r e a t l y  increased  our knowledge o f  mass production 
procedures.  More and more b a s i c  in format ion  i s  being obta ined  on t h e  
behavior ,  ecology, and popula t ion  dynamics of i n s e c t s .  

S u f f i c i e n t  in format ion  i n  these v i t a l  a r e a s  has been obta ined  t o  
i n d i c a t e  t h a t  the sterile-male release method might prove u s e f u l  a s  an 
a i d  f o r  the  control o r  e r a d i c a t i o n  of a number o f  i n s e c t s ,  inc luding  
the  Mediterranean f r u i t  f l y ;  o r i e n t a l  f r u i t ;  f l y  Mexican f r u i t  f l y ,  
Anastrepha ludens ( h e w ) ;  pink bollworm; b o l l  weevil; tobacco hornworm; 
codl ing  moth, Carpocapsa pomonella (L.); and Drosophila spp. f r u i t  f l i e s  
There is reasnn to hplieve t h a t  the  method can i n  t i m e  be developed a s  
an important a i d  i n  c o n t r o l l i n g  o r  e r a d i c a t i n g  many o t h e r  i n s e c t  p e s t s  
and d i s e a s e  carriers i n  favorable  circumstances.  I have had a s p e c i a l  
i n t e r e s t  i n  appra i s ing  the  p o t e n t i a l  r o l e  t h a t  the s t e r i l e - m a l e  r e l e a s e  
method might play i n  e r a d i c a t i n g  tsetse f l i e s ,  Glossina spp. I n  s p i t e  
of t he  d i f f i c u l t y  of  r ea r ing  t s e t s e  f l i e s  i n  l a rge  numbers, t he  popu- 
l a t i o n  dynamics of t hese  important i n s e c t s  a r e  such t h a t  t h e  method 

should also 
been f i r s t  o r  o ther  control methods. 

o r  e r a d i c a  Ires resea y aspects of enminology t h a t  
have received only a l i t t l e  research e f f o r t  in  the  past. 
are e s s e n t i a l  on behavior  of insects, t h e i r  n u t r i t i o n  and r e a r i n g ,  
their ecology and popula t ion  dynamics, and t h e i r  d i s p e r s i o n ,  as w e l l  as 
on methods of inducing s ter i l i ty .  

el populations.  %e method 
level popula t ions  which have 

e method for insect control 

f n v e s t i g a t i o n s  

I n  a d d i t i o n  t o  r e l e a s e  of s t e r i l e  i n s e c t s ,  another u t i l i z a t i o n  of 
the  s t e r i l i t y  p r i n c i p l e  o f f e r s  oppor tun i t i e s  f o r  the f u t u r e - - t h a t  
o f  s t e r i l i z i n g  the  i n s e c t s  i n  the  n a t u r a l  population. The 
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product ion  of s t e r i l i t y  i n  t h e  n a t u r a l  popu la t ion  of i n s e c t  o r  v e r -  
t e b r a t e  p e s t s  without adverse ly  a f f e c t i n g  mating compet i t iveness  
w i l l  have a f a r  g r e a t e r  impact on the  reproduct ive  p o t e n t i a l  of a 
p e s t  popula t ion  than t h e  d e s t r u c t i o n  o r  removal of t he  s a m e  number 
of i nd iv idua l s  of the  popula t ion .  This is  a fundamental p r i n c i p l e  
of popula t ion  con t ro l  f i r s t  advanced by Knipling (1959). The pro- 
cedure remains t o  be f u l l y  exp lo i t ed  by s c i e n t i s t s  i n  the  f u t u r e .  

The Entomology Research Div is ion  has undertaken a program of 
exp lo ra to ry  research  i n  t h i s  f i e l d .  Exce l len t  progress  has been 
made, although much a d d i t i o n a l  r e sea rch  w i l l  be necessary  be fo re  
the  method can be employed f o r  p r a c t i c a l  i n s e c t  c o n t r o l .  Severa l  
chemicals have been found t o  produce i r r e v e r s i b l e  s t e r i l i t y  i n  i n -  
s e c t s  (LaBrecque 1 9 6 1 ) .  In  some i n s e c t  spec ie s  sexual  behavior o r  
compet i t iveness  i s  no t  adve r se ly  a f f e c t e d ;  i n  o the r s  t he  l eng th  of 
l i f e  and competit iveness a r e  s u b s t a n t i a l l y  reduced; whereas, i n  
s t i l l  o t h e r s ,  such a s  the  house f l y  and t h e  Mexican f r u i t  f l y ,  males 
s t e r i l i z e d  by one o r  more of the  chemos te r i l an t s  now a v a i l a b l e  ap- 
pear  t o  be s l i g h t l y  more compet i t ive  than normal males. Chemicals 
t h a t  s t e r i l i z e  i n s e c t s  most e f f e c t i v e l y  a r e  h igh ly  r e a c t i v e  and not  
much i s  known about t h e i r  hazards  t o  man o r  an imals .  However, they  
a r e  regarded a s  p o t e n t i a l l y  of cons iderable  hazard and f o r  t h i s  
reason p r a c t i c a l  f i e l d  t e s t s  a r e  be ing  conducted with extreme cau- 
t ion .  

For the  p r e s e n t ,  chemoster i lan ts  a r e  c h i e f l y  of i n t e r e s t  i n  
producing s t e r i l i t y  i n  reared  i n s e c t s  t o  be  r e l eased .  For t h i s  pur- 
pose they w i l l  no doubt o f f e r  c e r t a i n  advantages over t he  r a d i a t i o n  
procedure.  However, chemos te r i l an t s  employed along with s p e c i f i c  
a t t r a c t a n t s  may i n  time be found t o  be e f f e c t i v e  and s a f e  f o r  s t e r -  
i l i z i n g  i n s e c t s  i n  the  n a t u r a l  popu la t ion .  

I n  conclus ion ,  we have every  reason t o  b e l i e v e  t h a t  b a s i c  and 
app l i ed  research  w i l l  provide many oppor tun i t i e s  f o r  developing b io -  
l o g i c a l  and h ighly  s p e c i f i c  chemical methods f o r  the  c o n t r o l  o r  
e r a d i c a t i o n  of many i n s e c t  p e s t s .  Exce l len t  progress  has been made 
dur ing  r ecen t  years  with r a t h e r  l imi t ed  i n v e s t i g a t i o n s  i n  the  f i e l d s  
of i n s e c t  pathology, v a r i e t a l  c o n t r o l ,  i n s e c t  a t t r a c t a n t s ,  and i n  
the  use of the  s t e r i l e - m a l e  procedure .  Natural  i n s e c t  p a r a s i t e s  
and p reda to r s  provide v i t a l  n a t u r a l  fo rces  i n  l i m i t i n g  i n s e c t  popu- 
l a t i o n  i n c r e a s e s ,  and every poss ib l e  means of u t i l i z i n g  these  na tu-  
r a l  agents  t o  the  maximum e x t e n t  should cont inue .  

In  a l l  p r o b a b i l i t y  no s i n g l e  procedure w i l l  be the  b e s t  f o r  
so lv ing  most i n s e c t  problems. Conventional-type i n s e c t i c i d e s  w i l l  
cont inue  t o  p l ay  a v i t a l  r o l e  i n  i n s e c t  c o n t r o l  f o r  many years  t o  
come. However, a s  research  p rogres ses ,  va r ious  a l t e r n a t e  methods 
d iscussed  i n  t h i s  r e p o r t ,  a s  wel l  a s  o t h e r  new approaches,  w i l l  be  
developed t o  meet o r  he lp  meet many major i n s e c t  problems. 
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EFFECT OF PESTICIDES ON HUMAN HEALTH 

Wayland J. Hayes, Jr . ,  W.D., Ph.D. 
Toxicology Sec t ion ,  Technology Branch, 

Communicable Disease Center ,  Publ ic  Health Serv ice ,  
Department of Heal th ,  Education, and Welfare, 

At lan ta ,  Georgia. 

M o r t a l i t y  from P e s t i c i d e s  i n  the United S t a t e s  

In  the United S t a t e s ,  the  dea th  r a t e s  assoc ia ted  with acciden-  
t a l  poisoning by gases  and vapors and by s o l i d s  and l i q u i d s  have 
remained r e l a t i v e l y  s t a b l e  s i n c e  1939, when the present  method of 
counting was e s t a b l i s h e d .  There was no s i g n i f i c a n t  change i n  the  
r a t e  of poisoning when DDT was introduced experimental ly  i n  1942 
and cortwercially i n  1946, nor  from the in t roduct ion  of a wide 
v a r i e t y  of o t h e r  new p e s t i c i d e s  beginning about 1946. The r a t e  
f o r  a l l  a c c i d e n t a l  poisoning i n  t h i s  country f o r  the last  25 years  
has been about 2 per  100,000 popula t ion ,  a r a t e  only about h a l f  
t h a t  f o r  comparable poisoning repor ted  between 1900 and 1910. The 
foregoing s ta tements  a r e  based on o f f i c i a l  f i g u r e s  from the Nation- 
a l  Off ice  of V i t a l  S t a t i s t i c s .  A s  with much of what fo l lows ,  I have 
discussed t h e  s t a t i s t i c s  i n  d e t a i l  i n  a repor t  published i n  1960 (8). 

L,, U L L L C L L L L L  yc-rs, dggths frnm n o c t i r i r l o s  have arroi inted f o r  
7.8% t o  12.8% o r  an average of about lo%, of deaths from a l l  s o l i d  
and l i q u i d  subs tances .  The percentage i s  not  increas ing ,  b u t ,  i n  
c i t i e s ,  the  propor t ion  tends t o  b e  lower -- 4.3% i n  one s tudy .  Fumi- 
gants  c o n t r i b u t e  only  a very small and r e l a t i v e l y  constant  propor t ion  
of dea ths  caused by gases  and vapors .  Thus,  p e s t i c i d e s  cause an an- 

t a t e s  of about 1 per  1,000,000 popu- 

r - - - - - - - - -  
T- a:&&---"+ 

Increases in t h e  use of t h e  newer p e s t i c i d e s ,  bo th  i n  a b s o l u t e  
tonnage and i n  r e l a t i o n  to  t h e  o l d e r  compounds, have added to  their 
r e l a t i v e  importance as causes  of m o r t a l i t y .  However, at  least as 
late as 1956 and probably a t  p r e s e n t ,  Over half the deaths  a s s o c f a t e d  
with p e s t i c i d e 6  were caused by compounds o l d e r  than DDT. 
more, over  h a l f  t h e  deaths  are in chi ldren .  
t h a t  improvement could be made i n  the record  i f  old poisons were used 
with  the  same c a r e  as new ones,  and if a l l  poisons - o l d  and new - 
were s t o r e d  under lock and key and then used i n  such a way t h a t  c h i l -  
dren could have no s i g n i f i c a n t  exposure t o  them. 

Fur ther -  
These f a c t s  suggest  
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The cond i t ions  of use may be j u s t  as important as the  t o x i c i t y  
of a compound i n  determining i t s  hazard.  Asp i r in  i s  f a r  l e s s  po i -  
sonous than pa ra th ion ;  y e t  i t  i s  a more important cause of dea th  
because i t  is  SO much more widely d i s t r i b u t e d  and so  o f t e n  i s  s t o r e d  
c a r e l e s s l y .  Chi ldren  have a f a r  g r e a t e r  oppor tun i ty  t o  f i n d  and 
swallow a f a t a l  dose of a s p i r i n  than any dose of pa ra th ion .  

Morbidity from P e s t i c i d e s  i n  t h e  United S t a t e s  

I n  t h i s  count ry  a l l  dea ths  must be r epor t ed ,  i r r e s p e c t i v e  of 
t h e i r  cause.  Unfor tuna te ly ,  t h i s  i s  not  t r u e  f o r  n o n f a t a l  i l l n e s s e s ,  
inc luding  those caused by poisoning .  Therefore ,  t he  number of cases  
of nonfa t a l  poisoning must be es t imated  from the  r a t i o  of nonfa t a l  
t o  f a t a l  cases  found i n  s p e c i a l  s t u d i e s .  There were from 25 t o  115 
nonfa t a l  cases  of poisoning f o r  each f a t a l  ca se  i n  d i f f e r e n t  years  
dur ing  8 years  of exper ience  i n  one major c i t y .  Records of poison 
c o n t r o l  cen te r s  f r equen t ly  r evea l  a r a t i o  much g r e a t e r  than  100 t o  
1, but  l e s s  than 10% of the  cases  repor ted  t o  them a r e  h o s p i t a l i z e d ,  
and as many as 70% show no symptoms of i l l n e s s .  The most accu ra t e  
e s t ima te  a t  t h i s  t i m e ,  then ,  is  t h a t  only one of about 100 cases  
of s i g n i f i c a n t  poisoning i s  f a t a l .  

I n  most i n s t ances  poisoning i n  man i s  c l i n i c a l l y  s i m i l a r  t o  
poisoning i n  experimental  animals.  Animal s t u d i e s  have provided 
much va luable  informat ion ,  bu t  have t h e i r  l i m i t a t i o n s .  The common 
l abora to ry  animals a r e  more s u s c e p t i b l e  than  man t o  poisoning  wi th  
some compounds, bu t  l e s s  s u s c e p t i b l e  wi th  o t h e r s .  The dynamics of 
s to rage  may be d i f f e r e n t  i n  animals and man. 

Time w i l l  not permit us  t o  explore  the  c l i n i c a l  a s p e c t s  of 
poisoning by p e s t i c i d e s ,  bu t  we should note t h a t  a t  l e a s t  49 d i f -  
f e r e n t  m a t e r i a l s  have produced human cases .  This number would be 
l a r g e r  i f  t he  ind iv idua l  compounds of a r s e n i c ,  f o r  example, were 
counted s e p a r a t e l y .  

Although the  e f f e c t  of bo th  s i n g l e  and repea ted  doses of 
p e s t i c i d e s  on people i s  r a t h e r  wel l  known, the re  can  be no a p r i o r i  
assurance  t h a t  a t  l e a s t  a few people w i l l  no t  respond t o  a pa r -  
t i c u l a r  chemical wi th  a p a t t e r n  of i l l n e s s  d i f f e r e n t  from t h a t  pre-  
v ious ly  e s t a b l i s h e d .  It i s  conceivable t h a t  t he re  may be long-term 
e f f e c t s  i n  man even when i t  is  impossible t o  demonstrate them i n  ex- 
per imenta l  animals dur ing  t h e i r  e n t i r e  l i f e t i m e .  It i s  t h e o r e t i c a l l y  
poss ib l e  t h a t  a poison w i l l  p r e c i p i t a t e  o r  aggrava te  a b a c t e r i a l  o r  
metabol ic  d i sease  j u s t  as prolonged i n h a l a t i o n  of g r a n i t e  d u s t  pro- 
motes t u b e r c u l o s i s .  Toxicologis t s  a r e  c o n s t a n t l y  a l e r t  t o  t hese  
p o s s i b i l i t i e s ,  e s p e c i a l l y  i n  regard t o  d i seases  of unknown o r i g i n  
and d i seases  of i nc reas ing  inc idence .  For  example, when i t  w a s  sug- 
ges ted  t h a t  DDT i s  a cause of po l iomye l i t i s  ( 4 ) ,  t he  p o s s i b i l i t y  w a s  
considered and the  l a c k  of evidence was noted .  Needless t o  say ,  
claims f o r  t h i s  r e l a t i o n s h i p  were dropped, even from s c a r e  a r t i c l e s ,  
when vacc ines  a g a i n s t  p o l i o m y e l i t i s  were developed. 
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I 

No matter what the  source of susp ic ion ,  i t  is the r e s p o n s i b i l i t y  
They have of p r o f e s s i o n a l  t o x i c o l o g i s t s  t o  explore  each p o s s i b i l i t y .  

done t h i s  i n  t h e  p a s t ,  and t h e  search w i l l  cont inue i n d e f i n i t e l y .  
However, i t  is important to realize t h a t  t h e r e  i s  no conclus ive  evi- 
dence t h a t  p e s t i c i d e s  - o l d  o r  new - are a cause of any d i s e a s e  ex- 
c e p t  poisoning.  

No d i s c u s s i o n  of m o r t a l i t y ,  o r  morbidi ty ,  o r  s torage ,  o r  any 
o t h e r  e f f e c t  of chemicals is meaningful except i n  te rms  of dosage. 
The Committee on P e s t i c i d e s  of the American Medical Associat ion (1) 
has repor ted  t h a t :  "Any e f f e c t s  of repeated exposure would appear  
on the  average most promptly, most f requent ly ,  most d i v e r s e l y ,  and 
most severe ly  among persons whose exposure has been long and in-  
tens ive ."  That i s  why some doubt i s  assoc ia ted  immediately with any 
case a l l e g e d  t o  r e s u l t  from exposure t h a t  i s  t r i v i a l  i n  comparison 
with what people o r d i n a r i l y  withstand without  inconvenience. 

Dependable information on t o l e r a b l e  - o r  i n t o l e r a b l e  - dosage 
may be obtained from s tudy  of (a) people  w i t h  occupat ional  exposure,  
(b) vo lunteers  who agree t o  take known doses and undergo s p e c i f i e d  
t e s t s ,  and (c) - i n  the case of compounds used as drugs - p a t i e n t s  
t r e a t e d  f o r  some medical condi t ion .  A number of p e s t i c i d e s  have 
been s tudied  i n  occupat iona l ly  exposed workers,  9 i n  v o l u n t e e r s ,  and 
a t  l e a s t  9 i n  p a t i e n t s  t r e a t e d  t h e r a p e u t i c a l l y .  I have reviewed the  
information on dosage i n  a paper  a v a i l a b l e  from the  Government P r i n t -  
ing  Off ice  (9). 

Toxicologis t s  must keep i n  mind the  p o s s i b i l i t y  t h a t  the  c l i n -  
i c a l  e f f e c t s  of one compound may be enhanced by another .  Often t h e  
degree of t h i s  p o t e n t i a t i o n  i s  low; but  Murphy and h i s  co-workers (16) 
r e p o r t  t h a t  it exceeded 100 in  animal experiments with malathion and 
t r i o r t h o t o l y l  phosphate,  a compound t h a t  i s  not a p e s t i c i d e .  Ar te r -  
b e r r y  and h i s  a s s o c i a t e s  (3) have reported what apparent ly  i s  t h e  on- 
l y  known ins tance  or a human p e s t i c i d e  poisoning susptt~LeG uf bring 
aggravated by a drug. 

In a d d i t i o n  t o  c l i n i c a l  i l l n e s s ,  o t h e r  e f f e c t s  of p e s t i c i d e s  
must be recognized.  Walker and h i s  a s s o c i a t e s  (22) found DDT i n  
every complete meal they analyzed i n  t h i s  country,  but  the concen- 
t r a t i o n  i n  t h e  entire diet is so low that the average i n t a k e  is on- 
ly 0.184 mg. per man per  day. Because DDT is so widely d i s t r i b u t e d  
i n  food, we a t  t h e  Cwmunicable Disease Center have made numerous 
s t u d i e s  of t h i s  compound and found it occurs a l s o  i n  t h e  f a t  of al-  
most everyone i n  t h e  country (7, 11, 15, 19). In the g e n e r a l  popula- 
t i o n ,  t h e  average s t o r a g e  of DDT i s  about 5 ppm, and t h e  t o n c e n t r a -  
t i o n  of a l l  DDT-derived material expressed as DDT is about  12 pprn 
(11). Meat a b s t a i n e r s  (11) and Eskimos (7) store less than the  
genera l  popula t ion .  On t h e  contrary, a g r i c u l t u r a l  a p p l i c a t o r s  s t o r e  
about t h r e e  times as m c h  as the  g e n e r a l  populat ion (II), and formu- 
l a t o r s  may s t o r e  more than 600 ppm of DDT and more than 1,000 ppm of 
DDT-derived m a t e r i a l  (10). Published r e s u l t s  (10) show t h a t  men can 
e a t  DDT d a i l y  a t  a l e v e l  approximately 200 times grea te r  than t h a t  i n  
the ordinary d i e t  without showing any d e t e c t a b l e  c l i n i c a l  e f f e c t ,  bu t  



30 

of course ,  they s t o r e  l a r g e  amounts of t he  compound and i t s  d e r i v -  
a t i v e ,  DDE, i n  t h e i r  f a t  t i s s u e .  Or t e l ee  (18) found t h a t  more than 
ha l f  of t he  people working f o r  years  i n  DDT-formulating p l a n t s  ex- 
c r e t e ,  and the re fo re  absorb ,  DDT a t  a r a t e  equal  t o  o r  g r e a t e r  than 
t h a t  of men e a t i n g  200 t i m e s  more DDT than  people g e t  from o rd ina ry  
food. The formula tors  remained wel l  according t o  t h e i r  own eva lua-  
t i o n ,  t h e i r  work r eco rd ,  and medical examination. 

It i s  a genera l  p r i n c i p l e  of pharmacology t h a t  a s t eady  s t a t e  
of s to rage  is  reached i n  connec t ion  wi th  cont inued ,  t o l e r a t e d  i n -  
take of a drug o r  o t h e r  chemical.  Thus, a f t e r  a pe r iod  of a d j u s t -  
ment, the  d a i l y  exc re t ion  of t he  chemical becomes a s  g r e a t  a s  t he  
d a i l y  abso rp t ion .  Surveys which we c a r r i e d  out  i n  1954-56 (11) and 
aga in  i n  1961-62 (20) showed t h a t  no change had occurred i n  DDT 
s to rage  among people i n  t h e  United S t a t e s  s i n c e  1950, when Laug and 
h i s  co-workers (14) measured i t  f o r  the  f i r s t  time. It i s  no t  known 
whether t he  s to rage  of o the r  compounds is  a t  equ i l ib r ium,  b u t  a 
group of B r i t i s h  s c i e n t i s t s  (13)  and our own group (12) both  have 
found t h a t  t r a c e s  of d i e l d r i n  a r e  s t o r e d  i n  people without occupa- 
t i o n a l  exposure.  My a s s o c i a t e s  and I (12) found t r a c e s  o f  BHC 
a l s o .  It seems l i k e l y  t h a t  t h e  s to rage  of o the r  s t a b l e  compounds 
w i l l  be demonstrated a s  a n a l y t i c a l  chemical methods a r e  improved. 

Production o f  P e s t i c i d e s  

Because of t h e i r  va lue  i n  p u b l i c  h e a l t h  and a g r i c u l t u r e ,  t he  
production of p e s t i c i d e s  has  increased  g r e a t l y .  The p resen t  man- 
u fac tu re  of s y n t h e t i c  ones i n  the  United S t a t e s  is  about twice as 
g r e a t  a s  t h e  product ion  of a l l  p e s t i c i d e s  was i n  1949. The develop- 
ment of newer m a t e r i a l s  has decreased but no t  e l imina ted  use of o lde r  
po isons ,  such a s  the  a r s e n i c a l s .  Use of some of t he  newer m a t e r i a l s ,  
such as DDT, has continued t o  i n c r e a s e ,  whi le  t h e  product ion  of o the r  
new m a t e r i a l s ,  such a s  benzene hexachlor ide ,  reached a maximum and 
then  decreased somewhat. The new poisons no t  on ly  a r e  numerous, bu t  
all of them of any importance a r e  s o l d  under many t r ade  names. Over 
57 thousand formula t ions  a r e  r e g i s t e r e d  i n  the  United S t a t e s .  Fur- 
thermore, poisons may be app l i ed  i n  a v a r i e t y  of ways, some of which 
were unknown only  a few years  ago. For example, over 6,000,000 a c r e s  
of cropland i n  the  S t a t e  of C a l i f o r n i a  a lone  have p e s t i c i d e s  app l i ed  
t o  them by a i r c r a f t  each y e a r .  I have d iscussed  these  and r e l a t e d  
f a c t s  i n  g r e a t e r  d e t a i l  i n  a r e p o r t  publ i shed  comparatively r e c e n t l y  
( 8 )  * 

I n j u r y  from P e s t i c i d e s  i n  Other Countries 

I n  s p i t e  of the ex tens ive  product ion  of p e s t i c i d e s ,  they have a 
r e l a t i v e l y  good s a f e t y  record  i n  the United S t a t e s ,  Canada, and the  
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United Kingdom. The record uas not BO good i n  soma c o u n t r i e s  of 
Europe when p a r a t h i o n  was permi t ted  f o r  household use. The d i f -  
fe rence  is n o t  n e c e s s a r i l y  r e l a t e d  t o  technologica l  advancement. 
Here again, i s  an example t h a t  the way i n  which a conpound is used 
may be more important than its t o x i c i t y  i n  determining danger., 

I n  Japan, Namba (17) found t h a t  t h e r e  were over 3,000 deaths  
from para th ion  a lone  during t h e  6-year per iod  1953 t o  1958. 
i s  sone reason t o  suspec t  t h a t  the  record may be even worse i n  c e r -  
t a i n  developing c o u n t r i e s  where v i t a l  s t a t i s t i c s  a re  c o l l e c t e d  i n  
only a fragmentary way o r  no t  a t  a l l .  Cer ta in ly ,  there  have been 
i s o l a t e d  r e p o r t s  of hundreds of cases  of human poisoning i n  s i n g l e  
outbreaks (6). Good l a b e l i n g  appears t o  be the most important  s i n g l e  
measure f o r  promoting s a f e  use by a l i t e r a t e  populat ion.  

There 

The Contr ibut ion of P e s t i c i d e s  t o  Health 

DDT has cont r ibu ted  t o  the  c o n t r o l  of a t  l e a s t  27  d i s e a s e s  of 
man (21). An aggressive campaign a g a i n s t  malar ia  in Greece reduced 
the number of cases  each year  from a m i l l i o n  in  1938 t o  twelve hundred 
i n  1958 (2) .  Many t r o p i c a l  c o u n t r i e s  with s i m i l a r  needs lack  v ig-  
orous programs - This is unfor tuna te ,  because prevent ion of d i s e a s e  
has not  only saved l i v e s ,  b u t  a l s o  permit ted economic development and 
achievement of a h igher  s tandard  of l i v i n g  (21). 

It i s  a t r a g i c  p o s s i b i l i t y  t h a t  the s a f e t y  record of p e s t i c i d e s  
may be poores t  where the need t o  increase  t h e  use of these  compounds 
is g r e a t e s t .  DDT is c r e d i t e d  with e r a d i c a t i o n  of malaria  i n  the 
United S t a t e s  and I t a l y .  But, the g r e a t e s t  t h r e a t  of malar ia  has a l -  
ways been i n  the  t r o p i c s .  Leading a g r i c u l t u r i s t s  agree,  a s  pointed 
o u t  by Decker i s j ,  tnat peopie of rrhe i ini ied Siairs  c o d d  n o t  bs sii 
wel l  fed without  the  use of a g r i c u l t u r a l  chemicals,  and para th ion  is  
c r e d i t e d  with e l imina t ing  s t a r v a t i o n  i n  Japan ( 1 7 ) .  But the  need is  
more d r a m a t i c a l l y  apparent  i n  some developing count r ies  where p a r t i a l  
s t a r v a t i o n  is  a present  f a c t .  

When other nethods of coatrolling vector-borne d i s e a s e s  a r e  
developed - as they undoubtedly w i l l  be - care  must be taken t o  test 
t h e i r  s a f e t y ,  as w e l l  as their  e f f i c a c y .  

Methods of Imrovinp, t h e  Safe ty  Record 

f f  t h e  s a f e t y  record of p e s t i c i d e s  is t o  b e  improved, bo th  i n  
the developed and the  developing c o u n t r i e s ,  a t t e n t i o n  m u s t  be  focused 
on r e a l  problems as determined by o f f i c i a l  v i t a l  s t a t i s t i c s ,  by the  
r e p o r t s  of poison c o n t r o l  c e n t e r s ,  and by epidemiological s t u d i e s .  As 
we have seen, problems may not  be i d e n t i c a l  i n  d i f f e r e n t  c o u n t r i e s .  
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Furthermore,  t h e r e  must b e  v a r i a t i o n  i n  t h e  a b i l i t y  of d i f f e r e n t  
coun t r i e s  t o  d i v e r t  t e c h n i c a l l y  t r a i n e d  personnel  t o  these  s t u d i e s  
and r e l a t e d  r egu la to ry  a c t i v i t i e s .  Therefore ,  each count ry  must ex- 
amine i t s  t echn ica l  resources  c r i t i c a l l y  be fo re  c h a r t i n g  i t s  course .  

There a r e  th ree  k inds  of laws designed t o  minimize i n j u r y  by 
p e s t i c i d e s :  (a) l a b e l i n g  l a w s ,  (b) laws r e g u l a t i n g  r e s idues  on food, 
and (c )  laws r e g u l a t i n g  use .  I have g iven  examples of t hese  kinds 
of l a w s  and reviewed them i n  a comprehensive paper a l r e a d y  c i t e d  (8). 
To be e f f e c t i v e ,  a l l  t hese  laws must be based on r e sea rch  showing 
t h a t  a p r a c t i c e  i s  s a f e  be fo re  it can be pe rmi t t ed .  Most of t h e  
tox ico log ica l  in format ion  r equ i r ed  under these  l a w s  i s  based on animal 
experiments.  Often somewhat g r e a t e r  account i s  taken of use expe r i -  
ence i n  connection wi th  l a w s  t h a t  r egu la t e  use d i r e c t l y  than i n  con- 
nec t ion  wi th  the  o t h e r  two k inds  of laws. 

Without doubt,  good l a b e l i n g  i s  the  most important s i n g l e  s t e p  
t o  the  s a f e  use of chemicals.  Good l a b e l i n g ,  i n  i t s e l f ,  w i l l  go a 
long way t o  promote proper  use .  I f  educa t ion  does not  s u f f i c e ,  d i -  
r e c t  r egu la t ion  can r e s t r i c t  use of s p e c i f i e d  chemicals t o  people 
who a r e  p rope r ly  t r a i n e d  and equipped f o r  t he  work. When necessary ,  
medical supe rv i s ion  of workers may be r equ i r ed ,  and t h e r e  are now 
s p e c i f i c  l abora to ry  t e s t s  t h a t  permit measurement and, t h e r e f o r e ,  
r egu la t ion  of occupat iona l  exposure t o  many p e s t i c i d e s .  In  many i n -  
s t a n c e s ,  t he re  a r e  a l s o  a n t i d o t e s  and o the r  methods of t rea tment  t h a t  
can be used wi th  g r e a t  b e n e f i t  i f  poisoning does occur .  

Conclusion 

The ve ry  ex i s t ence  of h ighly  a c t i v e  compounds poses p o t e n t i a l  
and o f t e n  r e a l  problems. Our primary p r o t e c t i o n  i s  based on the ex- 
t ens ive  animal experiments requi red  under p re sen t  l a w .  However, 
u l t ima te  assurance about human s a f e t y  of a p a r t i c u l a r  compound must 
come from s tudy  of people with in t ens ive  and prolonged exposure.  
Such s t u d i e s  should g ive  adequate warning of even t h e  s l i g h t e s t  dan- 
ge r  t o  people i n  the  genera l  popula t ion  exposed t o  t r a c e s  of t he  
same compounds. Much research  remains t o  be done. The p ro fes s iona l  
t o x i c o l o g i s t  must s t a y  a l e r t  t o  danger,  no ma t t e r  how remote. But 
t he  time has passed when i t  may be u s e f u l l y  s a i d  t h a t  l i t t l e  i s  known 
about the  t o x i c i t y  of p e s t i c i d e s ,  o r  t h a t  no l e g a l  c o n t r o l  of t h e i r  
use e x i s t s ,  o r  t h a t  a wide v a r i e t y  of i l l n e s s e s  from which mankind 
has su f fe red  f o r  genera t ions  are now caused by t h e  newer p e s t i c i d e s .  
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Preface  

The paper which I am about  t o  read  does no t  d i scuss  p e s t i c i d e s ,  
b u t  t he  broader  problem t h a t  l i es  back of t h e i r  u se .  Th i s  is  t h e  
ques t ion  r a i s e d  by t h e  sudden i n t r u s i o n  of s c i e n t i f i c  technology i n -  
t o  t h e  anc ien t  b i o l o g i c a l  system of which man is p a r t .  
t o  touch only upon some p r o p e r t i e s  of t h i s  system which have enabled 
i t  t o  p e r s i s t  through geo log ica l  t ime--notably t h e  p a t t e r n s  of 
energy and m a t e r i a l  f low and t h e  c l o s e l y  k n i t ,  gene ra l ly  cons t ruc-  
t i v e  i n t e r r e l a t i o n s  wi th in  n a t u r a l  communities. These I s h a l l  con- 
t ras t  b r i e f l y  wi th  t h e  cu r ren t  urban and r u r a l  p i c t u r e .  

I can hope 

But b e f o r e  proceeding, a l low me a few words on t h e  p e s t i c i d e  
cont roversy .  Argument by e p i t h e t  has no p lace  he re .  Those who have 
r a i s e d  t h e  i s s u e  i n  e f f e c t i v e  f a sh ion  have been s t igmat ized  as emo- 
t i o n a l  and imprac t i ca l ,  as mere b i rdwatchers  and a e s t h e t e s .  More 
r e c e n t l y ,  i n  l o f t y  sco rn  t h a t  is  in tended  t o  c l o s e  the  i s s u e ,  they  
are be ing  r e f e r r e d  Lo .as "tile bugs and biiiiny crowd." 

When it comes t o  emotion, n e i t h e r  s i d e  has a monopoly. Hel l  
may have few f u r i e s  t o  match an  out raged  love r  of na ture .  But one 
must a l s o  ag ree  with a r ecen t  remark i n  Newsweek t h a t  t h e r e  are few 
th ings  t o  match money i n  "exposing a man's h e a r t  through h i s  haber- 
dashery. 'I 

As t o  what is p r a c t i c a l ,  the v e r y  foundation of the c a p i t a l i s t i c  

And as t o  aesthetics, why are great fortunes 
system rests upon present s e l f - d i s c i p l i n e  i n  t h e  interest of f u t u r e  
and permanent b e n e f i t .  
accumulated through p r i v a t e  e n t e r p r i s e  so o f t e n  used t o  sponsor the 
creative arts by those  who wish t o  leave permanent memorials t o  the 
f u t u r e ?  

I may add t h a t  d e r i s i v e  name-call ing has  no s tanding  as a 
l abora to ry  procedure .  

The p u r s u i t  of s c i ence ,  l i k e  t h a t  of t h e  ar ts ,  is  j u s t i f i e d  as 
a c r e a t i v e  a c t i v i t y .  But i t s  a p p l i c a t i o n s  can be defended only  as 
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they serve  t h e  good of mankind. 
without regard  t o  u l t ima te  e f f e c t s  i t  can be a powerful means of 
de fea t ing  i t s  proper  func t ion .  This danger is  e s p e c i a l l y  g r e a t  i f  
we n e g l e c t  those  a spec t s  of s c i ence  which can g ive  us pe r spec t ive  
on the  world of na tu re  of which we a r e  a p a r t .  Such pe r spec t ive ,  
p rovid ing  the  con tex t  w i th in  which we ope ra t e ,  i s  the  p a r t i c u l a r  
bus iness  of ecology. 

Where s c i e n t i f i c  knowledge i s  used  

Viewed t h u s ,  t h e  use of p e s t i c i d e s  becomes one phase of a l a r g e r  
ques t ion :  
Many ques t ions  of p o l i c y  c a r r y  heavy emotional over tones .  So does 
t h i s ,  b u t  they  do not  concern us he re .  Conf l i c t s  of p o l i c y  a r e  l e -  
g i t ima te  and necessary .  They a r e ,  however, no t  l i k e l y  t o  be f r u i t f u l  
un le s s  t he  f a c t s  a r e  i n  and sc i ence  has de f ined  and r e s t r i c t e d  t h e  
i s s u e .  

"Are  we be ing  thoroughly s c i e n t i f i c  i n  our use of s c i ence?"  

The vigorous pub l i c  i n t e r e s t  which prompts our p re sen t  d i scuss ion  
comes t o  focus d i r e c t l y  upon the  phenomenon of ba lance  i n  n a t u r e .  
Long used i n  s c i e n t i f i c  i n t e r p r e t a t i o n ,  t h i s  concept of ba lance  i n  
na tu re  i s  s t i l l  a primary one. Modern technologica l  man must cont inue  
t o  be concerned wi th  main ta in ing  t h e  ba lance  of na tu re ,  d e s p i t e  h i s  
occas iona l  tendency t o  b e l i e v e  t h a t  he has  l i f t e d  himself t o  a new 
plane  of ex i s t ence  where the  anc ien t  c o n t r o l s  upon l i v i n g  organisms 
no longer  apply .  And the  sc ience  of ecology must cont inue  t o  provide  
mankind wi th  the  pe r spec t ive  from which we can f r u i t f u l l y  s tudy  the  
i n t e r r e l a t i o n s  of l i f e  and environment. 

Problems confront ing  the  e c o l o g i s t  involve  a v a r i e t y  of complex 
r e l a t i o n s h i p s  cen te r ing  upon l i v i n g  organisms and t h e i r  needs wi th in  
r e s t r i c t i v e  environments. Not only i s  t h e  ind iv idua l  organism a l i v e ,  
bu t  unique and never p r e c i s e l y  r epea tab le ,  i n  s p i t e  of i t s  member- 
s h i p  i n  a l a r g e r  common group. Too, the  environment of energy ,  e a r t h ,  
water ,  a i r  and l i v i n g  organisms i s  exceedingly complicated.  

Thus the  c l e a n  experimental  c o n t r o l s  a v a i l a b l e  t o  t h e  inorganic  
chemist handl ing ,  say ,  molecules of s u l f u r ,  a r e  not so n e a t l y  a v a i l -  
a b l e  t o  the  e c o l o g i s t .  Often,  due t o  human d e s t r u c t i o n  of t h e  n a t -  
u r a l  landscape, he f i n d s  himself i n  the  s i t u a t i o n  of a chemist  e n t e r -  
i ng  a l abora to ry  of broken appara tus  and empty reagent  b o t t l e s ,  save 
t h a t  the  mate'riel of t he  chemist  i s  r ep laceab le .  

Many p r e c i s e  q u a n t i t a t i v e  techniques a r e  of course a v a i l a b l e  t o  
the  e c o l o g i s t  and used by him, b u t  t h e  ve ry  na tu re  of h i s  problems 
r equ i r e s  him t o  go beyond such t o o l s  t o  f i n d  h i s  answers. The prob- 
lems of b io logy  a r i s e  i n  l i v i n g  n a t u r e .  Wherever they  may lead  u s ,  
we hope t o  be a b l e  t o  r e t u r n  the re  t o  d e a l  i n  more en l igh tened  
f a sh ion  wi th  l i v i n g  na tu re  when we have found even t e n t a t i v e  answers 
t o  these  problems. 

The primary concern of t he  e c o l o g i s t  is wi th  p a t t e r n  and process  
i n  l i v i n g  n a t u r e .  What t h e  e c o l o g i s t  s ees  "in the  f i e l d "  of na tu re  
then i s  t h e  background a g a i n s t  which he asks  d i s c i p l i n e d  ques t ions .  
One of t he  primary ques t ions  may, f o r  example, b e ,  as James Bonner 
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p u t s  it, 'Who eats wfiom and why?" 
f i n e w n t  t o  which the  e c o l o g i s t  may be dr iven  in  search of answers 
t o  t h i s  and o ns. The importance of h i s  q u e s t  i s  n o t  a 

of the  means needed to obtain h i s  answer. 
gment with which he asks a t r u l y  s e n s i b l e  
The i n t r i n s i c  q u a l i t y  of t h i s  o r  any o t h e r  

There need b e  no l i m i t  t o  the  re -  

s c i e n t i f i c  i n v e s t i g a t i o n  is t o  be measured, not by the i n t r i c a c y  and 
c o s t  of t h e  appara tus  employed, b u t  by the e f fec t iveness  of the f i n a l  
answer t h a t  r e s u l t s .  

By t h i s  s tandard  t h e  work of the  e c o l o g i s t  measures up t o  s t r i c t  
s c i e n t i f i c  s tandards  and i n  p a r t i c u l a r  a f f o r d s  usefu l ,  even i n d i s -  
pensable ,  guidance i n  human a f f a i r s .  
a framework of known phenomena developed by o t h e r s .  Included here  is 
t h e  unique f i t n e s s  of our p l a n e t  t o  s u s t a i n  l i f e  as  we know i t .  
Again, there  is t h e  f i v e  b i l l i o n - y e a r  a n t i q u i t y  of the e a r t h ,  the  one 
mi l l ion-year  newness of i t s  dominant s p e c i e s ,  pian. There is  f u r t h e r  
the  tremendously a c c e l e r a t i n g  power of human technology a s  a geologica l  
and b i o l o g i c a l  force .  This  power is t o  be viewed aga ins t  an inex- 
o r a b l e  background--the f i n i t e  e x t e n t  of the habi tab le  e a r t h ,  the  un- 
compromising opera t ion  of those r u l e s  t h a t  appear t o  govern the t r a n s -  
formations of energy and subs tance ,  and the long record of n a t u r a l  
s e l e c t i o n .  Man d i d  n o t  appear u n t i l  condi t ions ,  inorganic  and o r -  
ganic ,  were s u i t a b l e  f o r  so remarkable an innovation. And we know 
t h a t  t h e r e a f t e r  he has o f t e n ,  by i n c r e a s e  i n  numbers and power, i m -  
p a i r e d  o r  even destroyed the p o t e n t i a l  of h i s  environment. 

To begin w i t h ,  he works w i t h i n  

These a r e  mat te rs  of eco logica l  knowledge. That sc ience  has two 
t r a d i t i o n a l  phases:  the ecology of the  i n d i v i d u a l ,  autecology,  and 
t h a t  of the  c o m u n i t y ,  synecology. Autecology--actually t h a t  of the  
s p e c i e s  and i t s  v a r i a n t s - - d e a l s  wi th  requirements ,  l i m i t a t i o n s  and 
the  way these  r e l a t e  t o  t h e  ambient environment. Two i d e a s  i n  par -  
t i c u l a r  have emerged h e r e ,  those of niche and &. A niche i s  an 
opening o r  oppor tuni ty  f o r  the  entrance and surv iva l  of an organism. 
A r o l e  is  what i ts  name impl ies ,  t h e  p a r t  played in  an ecosystem by 
one of i t s  l i v i n g  components. 

Both niche and r o l e  p lay  a c t i v e  p a r t s  i n  na tura l  s e l e c t i o n .  As 
niches have developed through environmental  change, organisms have 
competed t o  e . Once a s p e c i e s  is e s t a b l i s h e d  w i t h i n  its 

a s p e c i a l  one. 
and c r e a t e  n i c  t phys ica l  change on s par t .  He had en- 
t e r e d  and s p r e  e r y  cont inent  long before  the dawn of h i s t o r y .  
Once e s t a b l i s h  
v e r s i t y  of r o l  le t o  t h e  group. This was e s p e c i a l l y  im- 
p o r t a n t  a f t e r  h i s  invent ion  of a g r i c u l t u r e .  

r g e l y  wi th  its own kind, The case of Man is  
i b l e  behavior  has en ed  him both  to occupy 

crease -de p o s s i b l e  organiza t ion  and a d i -  

I n  n a t u r e  the  r o l e  of an organism must be favorable ,  o r  a t  worst  
no t  d e s t r u c t i v e  t o  t h e  community. Otherwise, l i k e  a completely e f -  
f i c i e n t  p a r a s i t e ,  the  organism w i l l  deseroy i t s  own n iche .  In  human 
s o c i e t y ,  numbers may increase  beyond the  number of e f f e c t i v e  r o l e s .  
Unemployment is  a common symptom, followed i n  the  past  by the 
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f a m i l i a r  Malthusian checks.  
t h e  f i r s t  t o  i d e n t i f y  t h e i r  ope ra t ion ,  a s  one may confirm by reading  
Samuel 11, 24. Here King David, faced  wi th  a s t a r t l i n g  inc rease  among 
h i s  people ,  i s  forced  t o  choose whether he w i l l  a ccep t  war, famine 
o r  p e s t i l e n c e  as a remedy. 

I n c i d e n t a l l y  Malthus w a s  by no means 

The c l a s s i c  n iche  favor ing  a powerful human c u l t u r e  is  the  
presence of a f e r t i l e  n u t r i e n t  a r e a  such as the  Roman P l a i n  o r  t he  
Basin of Mexico. The corresponding r o l e  i s  one of e f f e c t i v e  land  
use and management. A t  f i r s t  t he  r e s u l t i n g  inc rease  i n  numbers i s  
l i k e l y  t o  f avor  e f f i c i e n c y ,  as we have s a i d .  Eventua l ly ,  un le s s  popu- 
l a t i o n  i s  s t a b i l i z e d ,  i t  e x e r t s  more p re s su re  upon t h e  n u t r i e n t  base  
than can be m e t .  Often c u l t u r a l  breakdown, lead ing  t o  mismanagement, 
has tens  d e c l i n e .  Famine and wars of expansion have been f a m i l i a r  
r e s u l t s .  O r ,  a s  elsewhere i n  n a t u r e ,  t h e  crowding of a s i n g l e  spec ie s  
has made i t  vulnerable  t o  epidemic. 

We have ample l abora to ry  and f i e l d  exper ience  wi th  o the r  organ- 
i s m s  t o  g ive  us  models of t h i s  p rocess ,  a s  f o r  example i n  Thomas 
Pa rk ' s  work wi th  f l o u r  b e e t l e s  o r  t h e  f a m i l i a r  examples of deer  and 
e l k  too  wel l  p ro t ec t ed  i n  n a t i o n a l  parks  and f o r e s t s .  It i s  the  i n -  
v a r i a b l e  r u l e  of exper ience  t h a t  no spec ie s  has eve r  been observed 
t o  mul t ip ly  i n d e f i n i t e l y .  I n  the  end i t  must come t o  terms wi th  t h e  
l i m i t a t i o n s  of i t s  h a b i t a t ,  no ma t t e r  how favorable  t h i s  may once 
have been. The impl ica t ions  f o r  our  own spec ie s  a r e  p l a i n  enough. 
Fo r tuna te ly  they a r e  now be ing  d iscussed  wi th  more freedom and con- 
ce rn  than ever  be fo re .  

Older c u l t u r e s  of t h e  Orient and Near Eas t  have been over- 
populated f o r  c e n t u r i e s .  Here the  i s s u e  i s  c l e a r .  I n  t h e  United 
S t a t e s  i t  i s  s t i l l  confused. We have a su rp lus  of food and some fou r  
ac re s  of a g r i c u l t u r a l  land pe r  c a p i t a ,  i n  c o n t r a s t  t o  s c a r c i t y  i n  
many o the r  l ands .  Here the  prospec t  of hunger appears remote, even 
i n  theory .  This l eads  us t o  overlook the  immediate i s s u e  which is  
not  phys i ca l  s u r v i v a l  bu t  t he  e f f e c t  of crowding upon the  q u a l i t y  of 
ex i s t ence .  For whenever numbers come t o  exceed the  needs of organiza-  
t i o n  and func t ion  they lead  t o  a p rogres s ive  lo s s  of i nd iv idua l  f r e e -  
dom. 

We a l r eady  have two t r a f f i c  j a m s  a day i n  many p l a c e s .  The 
r i s i n g  c o s t s  of p u b l i c  s e r v i c e s  i n  congested c e n t e r s  a r e  recorded i n  
t ax  assessments and r i p p l e  out  i n t o  t h e  surrounding count ry .  The 
c l a s s i c a l  economic s t u d i e s  of Joseph Spengler show t h a t  a f t e r  a c i t y  
reaches i t s  optimum s i z e  f u r t h e r  growth becomes l i a b i l i t y  in s t ead  of 
a s s e t .  This ,  of course ,  runs counter  t o  commercial r e j o i c i n g  over 
the  baby crop and the  t r a d i t i o n a l  promoter ' s  s logan  "The b igger  t he  
b e t t e r  . " 

More fundamentally,  a phys ica l  p r i n c i p l e  i s  involved. When dy- 
namic p a r t i c l e s ,  of whatever s o r t ,  a r e  confined wi th in  a f i n i t e  
space ,  cont inuing  inc rease  i n  numbers i s  accompanied by a decrease  
of mean f r e e  p a t h .  This i s  as t r u e  of a C a l i f o r n i a  freeway as of a 
f l a s k  of gas molecules.  Fu r the r ,  when energy i s  added t o  the  system, 
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a s  i t  has  been by the use of f o s s i l  f u e l  i n  i n t e r n a l  combustion 
engines ,  t h e r e  i s  f u r t h e r  l o s s  of  freedom, no matter  how s k i l l -  
f u l l y  we guide the moving units. 

But i t  i s  in the dynamic s t r u c t u r e  of n a t u r a l  comaunities t h a t  
we f i n d  o u r  most comprehensive model. Our evidence h e r e  is f a r  
from complete,  b u t  what i t  lacks i n  t h i s  respec t  i s  made up by i t s  
consis tency.  Wherever the  development and operat ion of b i o t i c  coin- 
munit ies  have been observed the  answers a r e  t h e  same. From simple,  
o f t e n  uniform beginnings,  c o n t r o l l e d  by physical  f a c t o r s ,  communi- 
t i e s  move i n  the  d i r e c t i o n  of g r e a t e r  complexity and o r g a n i z a t i o n ,  
wi th  an i n c r e a s i n g  number of n iches  and r o l e s ,  and towards a s t a t e  
of dynamic equi l ibr ium.  Avai lable  m a t e r i a l s  and the c u r r e n t  input  
of energy a r e  used t o  maintain the system i n  working condi t ion .  W e  
c a l l  t h i s  the balance of n a t u r e .  In terms of physical  sc ience  i t  
r e p r e s e n t s  an open s teady  s t a t e .  

As the c m u n i t y  moves toward t h i s  condi t ion  i t  modif ies  the 
raw physical  environment and e x e r t s  increas ing  c o n t r o l  wi th in  the  
ecosystem. Thus i t  favors  an optimum capac i ty  of i t s  environment 
t o  s u s t a i n  l i f e .  The l i v i n g  cover impounds and d i s t r i b u t e s  s o l a r  
energy,  r e t a r d i n g  the i n c r e a s e  of en t ropy .  It l ikewise slows the 
r e t u r n  of water  t o  the  sea ,  g iv ing  i t  g r e a t e r  opportuni ty  t o  be used 
by land organisms and cushioning t h e  sur face  aga ins t  e r o s i v e  wear. 
Meanwhile the t igh ten ing  n u t r i e n t  web of green p lan ts  and fungi ,  v e r t e -  
b r a t e  and i n v e r t e b r a t e  animals promotes the e f f i c i e n t  use and r e -  
cyc l ing  of m a t e r i a l s .  

A r e s i d u a l  e f f e c t  of t h i s  process  i s  the  formation of s o i l .  
Natural  s o i l  i s  a f a m i l i a r  measure of the c a p a c i t y  of an environ-  
ment. It i s  evidence of a system t h a t  has  been b i o l o g i c a l l y  con- 
s t r u c t i v e  a s  w e l l  a s  s e l f - s u s t a i n i n g .  It i s  of the utmost i m -  
F o r t a n r e  f o r  1 1 9  t o  note t h a t  n a t u r a l  c o r n u n i t i e s  operate  on a cur -  
r e n t  budget of s o l a r  energy,  accumulating c a p i t a l  from i t  i n  the  
form of r e s e r v e  p o t e n t i a l .  A t  t i m e s  i n  e a r t h  h i s t o r y  t h e r e  have 
been unusual s t o r a g e s  of carbon compounds i n  the form of c o a l ,  o i l  
and gas  a s  express ions  of such c a p i t a l ,  now being drawn upon a t  
r a t e s  f a r  exceeding those of i t s  accumulation. I n  addi tson our  
economy has l a r g e l y  grown by the d e s t r u c t i o n  of n a t u r a l  comuni -  
ties which used their supply of energy t n  c o n s t r u c t i v e  fashion.  

ecomes " to  what e x t e n t  h a s  man s u b s t i t u t e d  
seek an answer let s examLne the c u r r e n t  

patterns of use i n  both r u r a l  and urban areas .  W e  a r e  g iv ing  urban 
u s e s  high p r i o r i t y  wer rural, r e g a r d l e s s  of potential f o r  the pro- 
duc t ion  of organic m a t e r i a l ,  t o  say nothing of other values .  
a p p l i e s  n o t  on ly  t o  space f o r  urban dwelling and indus t ry ,  b u t  t o  
t h e  growing network of l ava- l ike  highways. Such replacement of 
r u r a l  land u s e  now exceeds a m i l l i o n  acres  a year .  Y e t  c i t ies  re- 
main dependent upon r u r a l  food and f i b e r  production. They a l s o  
r e q u i r e  increas ing  amounts of water ,  while they themselves a r e  e s -  
s e n t i a l l y  waterproof ,  so t h a t  they must reach e v e r  f a r t h e r  i n t o  
r u r a l  a reas  to  supply t h i s  n e c e s s i t y .  

This 
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Unlike n a t u r a l  communities they seldom r e c y c l e  the  m a t e r i a l s  they 
use ,  bu t  d i spose  of was tes  i n t o  a i r  and water .  Of ten  these  a r e  i n  
such form t h a t  they a r e  no longer  u s a b l e ,  i f  n o t  harmful. The s o l a r  
energy t h a t  f a l l s  upon a c i t y  i s  transformed to  h e a t ,  i n s t ead  of 
being impounded by green  p l a n t s  f o r  f u r t h e r  use.  One r e s u l t  i s  an 
inc reas ing  demand upon the  supply of water  and energy t o  main ta in  
l i v i n g  comfort dur ing  the  hot  season. 

I f  we view the  landscape a s  an organic  e n t i t y ,  sound equ i l ib r ium 
would r e q u i r e  urban concen t r a t ions  t o  compensate f o r  the  p re s su re  they 
e x e r t  upon r u r a l  a r eas .  Otherwise they would be p a r a s i t i c .  I n  many 
ways they do r e t u r n  the  deb t .  They exchange s e r v i c e s ,  manufactured 
goods, c a p i t a l ,  c u l t u r a l  advantages and admin i s t r a t ion  f o r  r u r a l  
p roducts .  S ince  much g r e a t e r  p r o f i t  comes from the  process ing  and 
d i s t r i b u t i o n  of raw m a t e r i a l s  than from t h e i r  p roduct ion ,  t he  ex- 
change seldom favors  the  r u r a l  producer.  Inc reas ing ly  h e  i s  obl iged  
to  adopt mass production techniques s i m i l a r  t o  those  employed i n  i n -  
dus t r y .  

Such mass production makes t h e  farm a r e a s  more dependent than 
eve r  upon the  c i t i e s ,  no t  only f o r  o u t l e t ,  bu t  f o r  machinery, chem- 
i c a l s ,  c a p i t a l ,  even management, and i n  the  end f o r  subs idy .  A s  a 
r e s u l t  farms, l i k e  commerce and i n d u s t r y ,  become fewer,  l a r g e r  and 
more spec ia l i zed .  The o ld  s e l f - s u s t a i n i n g  family farm, l i k e  the  
co rne r  s t o r e ,  f i n d s  i t  d i f f i c u l t  t o  su rv ive .  Inc reas ing ly  w e  hear  
t h a t  t he  farm problem can be solved simply by g e t t i n g  r i d  of s m a l l  
farms, g e t t i n g  farmers o f f  the land and i n t o  the  c i t y .  What w i l l  
happen to  them the re  i s  no t  d i scussed  i n  t h i s  con tex t .  

Meanwhile urban indus t ry  has developed such f a c i l i t y  i n  pro- 
ducing consumers' goods t h a t  i t  must make inc reas ing  e f f o r t s  t o  
promote consumer demand. Machinery des ign ,  f o r  example, i s  concen- 
t r a t e d  upon the  r e a l  o r  supposed needs o f  t he  l a r g e  mass-production 
farm. The smal l  o p e r a t o r  i s  thus under pressure  t o  buy more e l a b -  
o r a t e  and c o s t l y  equipment than h i s  p r o j e c t  needs o r  can suppor t .  
That t h i s  i s  not  necessary  i s  proved by the exper ience  o f  Japan and 
Denmark, where mechanization i s  su i t ed , .  i n  c o s t  and func t ion ,  t o  
smal le r  u n i t s .  

What of the  farm i t s e l f  a s  a b i o l o g i c a l  system? I s  i t  tending  
toward a p a t t e r n  of  d i v e r s i t y  and in te rdependence ,  of cumulative long- 
range bui ld-up  i n  p lace  of i nc reas ing  p o t e n t i a l  i n  the  use of energy 
and m a t e r i a l s  t h a t  w e  observe i n  t h e  n a t u r a l  community? Ins t ead  o f  
t h i s ,  w e  f i n d  t h a t  a very  d i f f e r e n t  system i s  developing. F i e l d s ,  
so f a r  a s  p o s s i b l e ,  are d ives t ed  of l i f e  and then seeded wi th  a s i n g l e  
organism, adding from ext raneous  sources  whatever i s  thought neces-  
s a ry  t o  i t .  The model h e r e  comes from the  l abora to ry  of micro- 
b io logy ,  no t  from na tu re .  P rec i se  human c o n t r o l s  a r e  used to  s t e r i l i z e  
and inocu la t e  . 

Inc reas ing ly  r e s e a r c h ,  guided by economic po l i cy ,  has  been 
weighted i n  favor  of such a system. We have only glimpses of i t s  
even tua l  e f f e c t s ,  o r  of poss ib l e  a l t e r n a t i v e  methods. We do know 
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t h a t  s t u d i e s  o f  the b i o l o g i c a l  c o n t r o l  of  sugar cane pests which I 
heard about h a l f  a cen tury  ago have borne f r u i t  i n  Hawaii. 
p l a n t a t i o n s  now show better r e s u l t s  than those  i n  vhich a l l  insects 
have been he ld  in check by spraying.  %e la te  Warren Thornthwaite 
c a l l e d  my a t t e n t i o n  t o  t h e  increas ing  compaction of farm soils by 
heavy machinery. And the f o r c i n g  o f  h igh  y i e l d s  of s p e c i a l  c r o p s  
by a r t i f i c i a l  a ids--maize and pineapple  f o r  instance--has a t  t i m e s  
been a t  t h e  c o s t  of s o i l  s t r u c t u r e  and permanent f e r t i l i t y .  

Unsprayed 

Our avers ion  to  hedgerows, patches of n a t u r a l  vege ta t ion ,  b i r d  
and o t h e r  animal l i f e  a s  an i n t e g r a l  p a r t  of farm operat ion i s  n o t  
based upon fundamental research .  During the drouth of the  1930's 
I learned  of i n s t a n c e s  i n  t h r e e  d i f f e r e n t  s t a t e s  where the  only 
forage a v a i l a b l e  w a s  from patches of n a t i v e  grassland t h a t  had, by 
some chance, been allowed t o  survive.  And I have j u s t  learned of 
an a s s o c i a t i o n  of  ranchers  i n  Colorado organized t o  prevent  the  
exterminat ion of  so-ca l led  preda tors  on t h e i r  property.  

Meanwhile o f f i c i a l  s t u d i e s  of t h e  b e n e f i t s  o f  cornposting and 
o t h e r  techniques f o r  the recyc l ing  of organic  m a t e r i a l s  have 
lagged. Their m e r i t s  a r e  l a r g e l y  l e f t  t o  t h e  promotion of c u l t -  
i s ts ,  unable o r  unwil l ing to  put  t h e i r  c la ims t o  r i g i d  s c i e n t i f i c  
t e s t s .  Meanwhile, too,  publ ic  po l icy  seems f a i r l y  descr ibed by an 
adminis t ra tor  who s a i d  ''We a r e  so heavi ly  cormnitted to  the  study 
of a r t i f i c i a l  a i d s  to  production t h a t  w e  have become a f r a i d  t o  
s t i c k  our  necks out." In s h o r t ,  I have seen l i t t l e  i n  the  modem 
rural-urban landscape t o  compare wi th  t h e  metabol ic  p a t t e r n  of flow 
of energy and m a t e r i a l s  i n  n a t u r a l  comnunities.  

What I am saying i s  n o t  meant t o  disparage a l l  of the remark- 
a b l e  research ,  publ ic  and i n d u s t r i a l ,  t h a t  h a s  been devoted to i m -  
proving both r u r a l  and urban a c t i v i t y .  My only concern is  t h a t  
too l i t t l e  of i t  has gone i n t o  the mat te r  of  fundamental and con- 
t r o l l i n g  p a t t e r n s ,  t o  permanence and h e a l t h  of t h e  l i v i n g  land-  
scape. I should l i k e  t o  see  us be t r u l y  s c i e n t i f i c  i n  o u r  a p p l i -  
c a t i o n  of sc ience ,  using i t  f o r  contex t  a s  w e l l  a s  d e t a i l .  Medi- 
c i n e  lagged so long a s  i t s  c h i e f  concern w a s  with symptoms. Its 
advance began with study of normal anatomy and physiology. 'Ihe 
g r e a t e s t  progress  i n  s o c i a l  sc ience  has  not  come from an examina- 
tion of social ills, but rather from concern w i t h  noma1 c u l t u r a l  
process .  I b e l i e v e  t h a t  s c i e n t i s t s  concerned wi th  use and manage- 
ment of  t h e  landscape should heed t h e s e  examples. 

N o w  long ago I v i s i t e d  a farm of less than 200 a c r e s ,  almost 
completely se l f -conta ined .  There I saw a f i n e  garden, f u l l  cup- 
boards and f r e e z e r ,  a c o l d  s p r i n g  and a comfortable house,  attrac- 
tive and convenient .  There was a l s o  a small d a i r y  herd,  s p o t l e s s  
barn and milk-house. But the herd w a s  being given up because of 
o f f i c i a l  demand t h a t  a c o s t l y  s t a i n l e s s  steel tank be  i n s t a l l e d .  
Recently an inspec tor ,  seeing a s i n g l e  d e p o s i t  of manure sane 
d i s t a n c e  out  from the  milking shed growled "You'll have t o  g e t  
r i d  of t h i s  s o r t  of thing i f  you want t o  s t a y  i n  business." 
being reminded by the farmer t h a t  t h e  cows i n  a large c m e r c i a l  

On 
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d a i r y  not  f a r  away were wading ankle-deep i n  manure, he  brushed t h i s  
a s i d e  by saying "That ' s  d i f f e r e n t .  I should 
add t h a t  t he  e l d e r l y  farm wife  whose husband pres ided  over t h i s  
a r cha ic  p a t t e r n  of d i v e r s i t y  and ba lance  s a i d  a s  w e  l e f t  "We have 
had a good l i f e . "  

That i s  b ig  business." 

To sum up, my own i n t e r e s t  i n  t h e  c a r e  and management of na- 
t u r a l  resources  has  been t h e  r e s u l t  of eco log ica l  exper ience .  To 
one wi th  t h i s  background the  evidence of dep le t ed  land p o t e n t i a l  i s  
widespread and d i s t r e s s i n g .  But I e a r l y  came t o  r e a l i z e  t h a t  a neg- 
a t i v e  approach, l i k e  the  preoccupation of anc ien t  phys ic ians  wi th  
d i sease  r a t h e r  than h e a l t h ,  was f r u i t l e s s .  Inc reas ing ly  s i n c e  then 
I have i n t e r e s t e d  myself i n  examples of sound resources  management. 

They a r e  t o  be found i n  the  gene ra l  economy of Swi tzer land  and 
Denmark; among the  Amish and Mennonites and among the  Norwegian 
Lutherans a t  C r a n f i l l ' s  Gap i n  Texas. They a r e  exempl i f ied  i n  the  
sus ta ined  y i e l d  ope ra t ions  of the  b e s t  of t he  lumber co rpora t ions  a s  
w e l l  a s  i n  the  mixed farm and f o r e s t  economy of  Indians  i n  wes tern  
Guatemala. Inc reas ing ly  they appear i n  game management techniques 
and i n  f i s h  and water management i n  the  Tennessee Val ley .  

A l l  a r e  a l i k e  i n  working f o r  ba lance  among d i v e r s i t y  of means. 
All e x h i b i t  cau t ion  and economy i n  the  use of energy and m a t e r i a l s .  
Consciously o r  n o t ,  a l l  have a common p a t t e r n .  It i s  not  t he  fash-  
ionable  one o f  an ever  widening economic s p i r a l ,  b u t  r a t h e r  t h a t  
of the  model placed be fo re  us i n  t h e  dynamics of n a t u r a l  communities. 

Ecologica l  models do e x i s t .  Thei r  n a t u r e  and meaning i s  c l e a r .  
The burden of proof rests upon those who a s s e r t  t h a t  man's economy 
can s a f e l y  d i s r ega rd  them. 
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The t i m e  h a s  come when we must c l o s e  t h i s  most i n t e r e s t i n g  and 
p r o f i t a b l e  d iscuss ion .  Though we c l o s e  the discussion h e r e  t h i s  
evening, i t  w i l l  n o t  be c losed  i n  the h a l l s  and the c o r r i d o r s  of 
t h i s  meeting, nor  in  the publ ic  forum of the world. 

F i r s t ,  I wish t o  thank the speakers  on the panel fo r  the ex- 
c e l l e n t  p r e s e n t a t i o n s  which they have made and I wish t o  thank the 
audience f o r  the  keen and penet ra t ing  quest ions which they have posed 
t o  the members of the panel. 

. I s h a l l  n o t  a t tempt  to  sunnnarize what has  been s a i d  t h i s  eve- 
ning. Each of  us must do t h a t  f o r  himself .  However, I should l i k e  
t o  remind the b i o l o g i s t s  present  t h a t  the c i t i z e n r y  of  the  world 
properly looks to  the  b i o l o g i s t  f o r  guidance i n  t h i s  important  mat- 
ter. 

As members of t h e  human race  we a r e  e n t i t l e d  t o  have and t o  ex- 
press  our own value  judgments a s  t o  the r e l a t i v e  importance of va- 
r i o u s  i t e m s .  The v a l u e s ,  which man l i v e s  by, determine the course of 
o u r  c i v i l i z a t i o n .  C e r t a i n l y  each of us has  not  only the r i g h t  b u t  
the r p s p n n s i b i l i t y  t ~ )  p a r t i c i p a t e  i~ tkhe d e v e l c p e c t  2-6 aa in tcnance  
of  va lues  which w e  b e l i e v e  to  be important .  

However, a s  s c i e n t i s t s  we have a r e s p o n s i b i l i t y  e q u a l l y  g r e a t ,  
namely t h a t  of soundly i n t e r p r e t i n g  the f a c t u a l  da ta  which a r e  a v a i l -  
a b l e  and of r e f u s i n g  t o  draw conclusions when f a c t u a l  d a t a  a r e  n o t  
a v a i l a b l e  to  j u s t i f y  the  development of a sound conclusion. 

To the b i o l o g i s t s  h e r e  assembled may I express  my confidence 
t h a t  they w i l l  provide the  necessary leadersh ip ,  collect the date 
which are needed, c a r e f u l l y  analyze a l l  the  f a c t o r s  involved,  and 
p r e s e n t  a sound s o l u t i o n  for this p r e s e n t l y  vexing problem. 

To those i n  the audience who are not s c i e n t i s t s ,  may I g i v e  as -  
surance t h a t  the present  sound and fury of controversy i s  n o t  a pre-  
lude to  the doom of our  c i v i l i z a t i o n .  

The development of c i v i l i z a t i o n  cannot s tand  s t i l l .  Ways and 
means must be found which w i l l  safeguard man's bas ic  i n t e r e s t s ,  i n -  
c luding  h i s  h e a l t h  and h i s  environment, and which, a t  t h e  same time, 
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w i l l  encourage t h a t  continued r e l e n t l e s s  s ea rch  f o r  and a p p l i c a t i o n  
of knowledge which b r i n g s  bet terment  t o  ou r  l i v e s ,  bet terment  t o  
the  l i v e s  o f  a l l  t he  people throughout t he  world.  


